





ANNALS OF SURGERY 


VOL. 129 MAY, 1949 No. 5 





TRANSACTIONS 


OF THE 


SOUTHERN SURGICAL 
ASSOCIATION 


MEETING HELD AT WHITE SULPHUR SPRINGS, W. VA. 
DECEMBER 7, 8, 9, 1948 


ADDRESS OF THE PRESIDENT 


THE SURGICAL MAN*} 
Epwin P. Leuman, M.D. 


CHARLOTTESVILLE, Va. 


LIKE EVERY PRUDENT PRESIDENT of the Southern Surgical Association, I 
have looked back to see what my distinguished predecessors have found 
worthy of presentation on like occasions. Most of them have seen fit to discuss 
not surgical topics but what might be called parasurgical topics—essays on the 
position of surgery in society, on its effects upon society, on the men who have 
made surgery what it is, the color, the texture, even the tall tales of surgery. 
It is a tradition, both literary and historical, that seems worth preserving. 
There are not many rostra from which this sort of essay is customarily 
presented. 

The history of surgery in broad or limited aspects has been the predominant 
subject. The effect of the surgeon's efforts on the development of his art is 
interesting, but more importantly it is also the kernel of an understanding of 
modern surgery. Nowhere have I found a discussion of the effect of the 
practice of surgery on the surgeon. It is this subject that I have taken tonight. 


* From the School of Surgery and Gynecology, University of Virginia, Department 
of Medicine 

+ Presidential address, read before the Southern Surgical Association, White Sulphur 
Springs, W. Va., December 8, 1948. 
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co 
hecause it is not a drama of action and responsibility, but rather a quiet drama 
of the mind, living only in the awareness of one who has experienced it. Just 
ahead lies action, the necessity to pit knowledge and judgment and technical 
skill against the unknown. Yet before the attack can be opened, a period of 
contemplation 1s enforced. For a timed course of minutes that sometimes seems 
interminable the surgeon must stand quietly and perform the rhythmic move- 
ments of the scrub. His hands may be suppled, but the tensions in his mind 
are apt to grow and the need for self-control to become more and more imper- 


ative. According to Bliss Perry, Harvey Cushing spoke of the “cerebral 
excitement” of this period. With the exception of the concert pianist or 
violinist who may increase the blood flow to his hands and arms by soaking 
them in warm water before emerging from the wings, there are few 
occupations in which repose always must precede decisive action. 

Phe qualities of the surgical life that tend to attract physicians to surgery 
are then fundamentally three—delight in handicraft, the satisfaction in an 
unequivocal answer to a diagnostic mystery and the appeal of a purposeful 
and decisive attack. You will note that the aspects of life common to all 
doctors are not included, such as the daily contact with physical and mental 
distress, the dedication to its relief and the things that the last implies 
observation, reading, investigation. You will note also that nothing is saiéd 
ot material re wards. 

\What qualities in man does this sort of life breed? In attempting to find 
the answer to this question, one must not assume that no other occupation, 
medical or nonmedical, will breed like qualities. As a matter of course, these 


] 
; 


jualities are the result of living successfully any sort of adjusted life. Perhaps 


this particular sort of life has a tendency to foster certain of the finer possi- 
bilities with which, in spite of a massive disillusionment created by the modern 
international scene, | still believe all men are primarily endowed. And here 
another assumption must be categorically denied. Let no one say that the 
tendency of the surgical life to foster certain qualities means more than it says. 
One must not imply that the result is necessarily a perfect race of men, the 
demigod of the novel and the screen. Let us be thankful only that the life we 
live tends to cultivate our larger qualities rather than the littleness that lies 
in us all. The mechanism is simple. If we would be good surgeons—an aim 
common to every one of us—these qualities must grow in us. 

The first of them is intellectual honesty. If we have not that we do not 
rate the honored name of surgeon. An honest appraisal of errors and ignorance 
and.an honest acknowledgment of them to oneself, to colleagues and to juniors 
comprise normal behavior. The surgeon may often dread the autopsy table, 
but he does not try to conceal error by discouraging postmortem examination. 
It is, perhaps, significant that when all sorts of ill chances were being imag- 
inatively referred to a fantastic race of gremlins, no surgeon predicated a 
gremlin that breaks the ligature at a critical moment, or pushes the bowel upon 
the blade of the knife as the peritoneum is opened, or hides the stone in the 
recesses of the common bile duct, or seeds the hernia wound with streptococci. 
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These disasters are commonly the cause for self-examination, critical and 
searching ; and any other reaction, even that of placing deserved blame on some 
other member of the operating team, must await a rigid exoneration of oneself. 

\ second quality bred by the practice of surgery is intellectual curiosity, 
[t is not without meaning that many of the fundamental contributions to our 
knowledge of the mechanisms of the human body have been made by men who 
were primarily surgeons. The membership of our own association contains 
those whose studies of physiology both normal and abnormal have been illum- 
inating to the whole field of medicine. It is natural that this should be so. No 
one could be more deeply concerned with physiologic mysteries than the 
surgeon who has seen his pathologic knowledge and technical skill go for 
naught when the patient succumbs in a manner not explained. The fact that so 
often surgical exploration explains the hitherto mysterious makes all the more 
harassing a failure to understand clearly. Surgery offers day in and day outa 
stimulus to the widening of man’s knowledge of man’s disordered body. 

A third effect of surgery on the surgeon is the development of what might 
be called a rational approach to suffering. It is probable that a surgeon in a 
busy life has caused by his deliberate action more physical pain with its 
attendant emotional distress than any other single individual except an Inquis- 
itor of the Middle Ages or the commandant of the Gestapo, the M.V.D. or the 
concentration camp. Yet no one considers the surgeon a cruel man. His 
behavior is genuinely kind. He measures the evil of postoperative suffering 
against the evil of suffering from disease. When one contemplates this daily 
balancing of evils one against another, it becomes evident that sentimentality 
can have no part. The surgeon is fortunate to be relieved, by the very nature 
of the decisions he must make, of the burden of a superficial emotion that can 
confuse rational behavior. 

In the fourth place, surgery breeds equanimity in difficult times. To quote 
from Osler’s classic essay* : ‘Now a certain measure of insensibility is not only 
an advantage but a positive necessity in the exercise of calm judgment and in 
carrying out delicate operations. Keen sensibility is doubtless a virtue of high 
order, when it does not interfere with steadiness of hand or coolness of nerve.” 
Surgeons are faced with situations that try equanimity to its veriest limit. The 
escape of a cystic artery from control in the remote depth of an obese abdomen, 
a rapidly enlarging wound in a paper-thin obstructed bowel, the contamination 
of an essential instrument at a critical moment, the error of a trusted assistant, 
a sudden failure of the patient's respiration or heart beat, each of these, various 
as they are, calls for a degree of self-control that must permit immediate action 
accurately adjusted to the particular emergency. We must pity the rare sur- 
geon who explodes under such circumstances. It is only by cool decisiveness 
that these not uncommon disasters can be effectively met 

Equanimity is closely related to courage, the fifth quality surgery fosters in 
the surgeon and the last that I mention. Courage is often necessary to maintain 
equanimity or to exercise complete intellectual honesty, but as a separate entity 


* “Aequanimatas.” 
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it has characteristics of its own. It is the quality that enables the surgeon to 
assume responsibility for the remote chance of helping the desperately ill 
patient no matter what the risk. It is the quality that refuses to consider 
mortality rates or public reaction. It is fearlessness of any consequence except 
harm to the patient. It is the determinant of action in the cool moments before 
action begins, before the heat and the pressure of the emergency. It is bold 
decision while yet there is time to think, decision made in the lonely black depths 
of one’s consciousness without emotional support of cheering crowds or mar- 
tial music. Surely there is no calling that so often demands the sort of calm 
reasoned courage that is the best that man can offer to the world. 

Now all this smacks of a nobility that no breed of mankind can possibly 
boast. Note well again that I have said that the practice of surgery only fosters 
these fine traits of character, not that it inevitably develops them. We are 
imperfect humanity, subject to all the weaknesses of intellect and emotion, the 
defects of character, that have led man to his present not too happy state. Since 
we are subject to these imperfections, let us not forget that the life of a 
surgeon may foster some of the less amiable qualities of man. Let our wives, 
our assistants, the nurses in our operating rooms and wards testify to the 
occasional pettiness of our demands and the bursts of temper that may greet 
failures to meet them. I doubt not they would be eloquent. The conditions of 
surgical action which always must seek perfection in detail make such behavior 
easy. At the risk of moralizing, let me say that this fact serves as an explana- 
tion only, hardly as an excuse. 

There is one result of the common life we lead that is uniformly good. 
We like each other. We know the trials that we all face, and no one but a 
surgeon can know them in all their fullness. We know that each of our col- 
leagues has cultivated a modicum of the nobility inherent in the surgical art, 
enough, at least, to place him where he stands today. We are drawn together 
into a guild by our common problems and their common solutions. We wonder 
if any other craft can unite in such mutuality of emotion as we instinctively 
display. It is proper that we so wonder. If we did not, the essence of our 
unity in surgery would be imperfect. “We be of one blood, ye and I.” 

Friendships may be classified upon three levels: abdominal, thoracic and 
cerebral. Abdominal friends enjoy the good things of life together such as we 
have enjoved tonight. Thoracic friends are attuned in emotional responses— 
kindness, honesty, equanimity, courage. Cerebral friends experience curiosity 
regarding the same mysteries, face common intellectual problems from the 
same direction and seek with the same tools of reason the answer to the 
unknown. In the three categories of friendship, surgery knits us together. I, 
for one, would belong to no other fellowship. 
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SEX RATIO: EXPERIMENTAL STUDIES DEMONSTRATING 
CONTROLLED VARIATIONS PRELIMINARY REPORT*+ 
Deryt Hart, M.D... ann James D. Moopy. M.D. 


FROM THE DEPARTMENT OF SURGERY, DUKE UNIVERSITY SCHOO ) IEDICIN 
AND DUKE HOSPITAI 


[I XPERIMENTAL WORK, carried out in an effort to determine the factors 
responsible for intra-uterine sex differentiation, has been almost without limit. 
while the positive results have been meager. Theories as to the factors respot 
sible for this sex differentiation have been as varied as the experimental work. 

] 1 
| 


Our interest in this age-old problem was aroused by the clinical observation 


that when insemination occurred early in the fertility period the resultant 


offspring was more likely to be a female, and when insemination occurred late 
in the fertility period the resultant offspring was more likely to be a male 
The concept was drawn from these observations that the sex of the fetus may 
be determined directly or indirectly by the time relationship between insem 
ination and ovulation. The experimental work and a statistical analvsis of 
the sex distribution in human twins, herein reported, were performed in at 
attempt to confirm or disprove this 

[In order to make clearer the bearing on the present study of certain data 
gathered trom previously published work, it seems desirable at this time t 
present our concept in diagrammatic form (Fig. 1). 

In the middle of the fertility period the sex ratio is presumed to be 
approximately equal. As one increases the time interval between insemination 
and ovulation, either before or after ovulation, there is an increasing predomi 
nance of one sex. In making the diagram (Fig. 1), we have used the figures 
from our experiments on late insemination, and these show the male predomi 
nance in the latter part of the fertility period, It has been presumed, with 
some supporting data, that a female preponderance is probable in the earh 
stages of the fertility period. It should be understood that the sex pattern as 
illustrated is based on our experiments with rats and our analysis of human 


twins and may not apply to every species. 


HISTORICAL 
It is nearly impossible and also unnecessary at this time to summarize, 
even briefly, all the experimental and clinical work performed on the problem 


] 


of predetermination of sex. In this vast amount of material, we found certat 


data that tended to uphold the above-mentioned concept. For example, in 


1634, Hammond! made a study of fertilization of rabbit ova in relation to 
time intervals following mating. Knowing that rabbits will ovulate approxi 
matelv 10 hours following mating, he first mated female rabbits with vasecto 


mized males to stimulate ovulation, and then with normal males for insen 


ination at different time intervals. The results are siven in Fieure 2. There 
* This study was aided by a grant from the U. S. Public Health Servic: 


+ Read before the Southern Surgical Association, White Sulphur Springs, W. Va. 


December 7, 1948 
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<< a marked shift in the sex ratio, giving a preponde rance of males as the time 
of insemination approaches the time of ovulation. Although we are unable 
to explain the sudden reversal in sex ratio at the time of ovulation and two 
hours later, the sharply increasing curve in favor of the male sex as imsem 
SEX RATIO (RAT) FROM INSEMINATION AT VARYING TIMES 
THROUGHOUT HEAT PERIOD 
F DAY>6pm. 7 8 > © 8 tau. 1% 2 3 os 5 6 , 8 3 @ 
_ THEORETICAL PRESUMED EQUAL EXPERIMENTAL 
( SEX RATIO 
ra ° 
2 
s 
S . 
. 
2 . s 
BREEDING COLONY CONTROL 1540 LITTERS 
TER 144 308 630 314 143 
F TOTAL! 9 3 20 4) 204 $.3 
SEX RATIO % [75-100 60-75 9 40-60 9 or o” 60-75 g* 175-100 
PER LITTER 9 o” 
This chart on sex ratio represents in general our idea of th 
e time relationship between insemination and ovulation on the sex 
pring. The right part of the graph is plotted from the actual sex 
e litters of rats resulting from delayed inseminations. It is obvious 
is portion of the heat period insemination results in a high pre 
f males. It can be readily assumed that, in the middle of the 
there is a broad band, during which time the majority of insem 
ur. and the sex ratio 1s approximately equal In view of the 
our breeding colony the offspring are approximately equally 
tween males and females, the preponderancs of males on the right 
terbalanced with a like preponderance of females. This pre 
f females we have assumed to result from inseminations occu 
the heat period. This is theoretical and is shown by the dotted 
the | Itlol the graph \\ - have analyzed each litter the breeding 
nd have grouped these according to the varving sex ratios as indi 
space given for each group is based on the actual percentage 
the litters in the group bear to the total number of litters. The 
f this distribution to the experimental and theoretical sex ratio 
is very striking. 
tion ay ches ovulation certainly seems significant 


\When the figures are 


to compare various litter sizes (Fig. 3), the variation in sex 
striking in the larger-sized litters. 


nese heures ; 


ires, then, would tend to make one believe that varying the 


insemination in the rabbit from the normal time of to hours 


ulation to a shorter period of time directly influences the resulting 
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FERTILIZATION OF THE RABBIT OVAIN RELATION TO TIME 
HAMMOND 1934 
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Fic. 2.—In these experiments normal females 
were mated with vasectomized males to stimulate 
ovulation, which is known to occur approximately 
10 hours later. At the times indicated, these same 
females were inseminated by mating with normal 
males. The resulting offspring show an increasing 
percentage of males as the time of insemination 
approaches the time of ovulation. We offer no ex 
planation for the reversal of this trend within the 
period of two hours following ovulation. 


FERTILIZATION OF THE RABBIT OVA IN RELATION TO TIME AND LITTER SIZE 
HAMMOND 1934 
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Fic. 3.—This figure shows a further analysis of the results given in 
Figure 2, obtained by breaking them down into the varying litter sizes as 
shown. There is still an increase in the percentage of males following the 
inseminations near the ovulation period even though the results for the 
inseminations for the two-hour period following ovulation are included. The 
greater increase occurs in the larger litter sizes. 
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sex ratio in favor of the male. It is entirely supposition, but, at the same 
time, one might advance the theory that insemination prior to the 10-hour 
period might result in a sex ratio with a predominance of females. 

In this animal, since ovulation is not cyclic but is stimulated by and follows 
mating by approximately 10 hours, it must be presumed that mating occurs 


DELAYED INSEMINATION IN THE RAT ARTIFICIAL INSEMINATION IN 
BLANDAU AND JORDAN 1941 THE HUMAN — SEX RATIO 
(SEYMOUR AND KOERNER 1941) 
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Fic. 4.—These are incidental figures from a study of the development of the rat ovum 
following late fertilization by artificial insemination. The increase in the percentage of 
males is in agreement with the concept expressed above and illustrated in Figure 1. 


Fic. 5.—This great male preponderance as compared to the general birth ratio of 
approximately 105 males per 100 females is statistically highly significant and must be 
based on some factor connected with the artificial insemination. The inseminations were 
relatively infrequent. In the cases in which an attempt was made to determine the time 
of ovulation, the insemination probably followed this event. Consequently, the number 
of inseminations occurring following ovulation was probably higher than would be the 
case under conditions of normal sexual activity, and it is our opinion that the increase 
in the percentage of males is a direct result of this 


at the optimum time for fertilization and for the production of the sex ratio best 
suited for the propagation of the species. Consequently, the figures given fit 
in with our concept, since the onset of mating probably represents the point 
of the fertility period optimum for the even distribution of sexes. Variations 
in the time of insemination from this optimum point toward the end of the 
fertility period are shown to give a preponderance of males. 

A second report giving experimental results on delayed insemination in 
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the rat further substantiates this concept. In a study of the effe ved 
fertilization on the development of the rat ovum, Blandau and Jordan in 
1941* reported their results on a large group of animals inseminated at rious 
hours following ovulation. The results are given in Figur ere is an 
increased percentage of males in the offspring resulting from inseminations 


from 6 to 12 hours after ovulation. Unfortunately, the results for each of 


the three time periods (Fig. 4) are not available. If these were broken down 


into the three groups, the results might be more striking 

The following reports give data which we consider t ive a definite 
bearing on this concept in its relation to the human sex rati Seymour and 
Koerner in 1941,° by circularizing physicians, collected 9,489 births resulting 


from artificial insemination. In this group there was a preponderance of males 


TABLE | t 
D tribut r ; M 9 D ( 
\ | 
As Ri M 
I ce sexed d got +71 M 
xed r) 
i?) re » ) 
M got 
{ le mined 
{5,070 males to 3,513 females The normal sex ratio of O= males t lOO 
females would have resulted in 4,861 males to 4,628 femal he collected 
series therefore showed a 1s per cent increase 1n the nal over the theo 
retically expected number (Fig. 5). This increase might | ttributed to the 


fact that. in so far as the time of ovulation could. be lete1 ined, rt Clal 
insemination was probably carried out at or following ovulation in large 
percentage of cases than would occur in the normal cours« sexual rel 

tionship. If such were the case, the high preponderance males could he 


readily € xplained on the conce pt expre ssed in hioure ¥ 


Greulich in 1934? reported 538 sets of twins as classified in Tabl Cine 
tion A. There is a total of 171 unlike-sexed to 271 like-se | twins after the 
definitely monozygotic group (96) has been eliminated. Greulich, on a study of 
body characteristics, and Guttmacher,’ on the basis of placent tudies, arrived 
independently at a figure of approximately 25.5 per cent as representing the 
percentage of all twins that are monozvgoti [f all the twins reported bi 
Greulich are considered on this percentage basis, we vel the listributio1 O1Vvel 
under B, Table I. 

For the dizygotic group this leaves us with a definite preponderance of the 
like-sexed twins (230) as compared with the unlike-sexed (171 On the 
basis of chance alone, the number of unlike-sexed twins in the dizygotic group 
would be balanced by the same number of like-sexed twins. After balancing 
unlike-sexed with an equal number of like-sexed, we are left with a surplus 


of 59 like-sexed dizygotic twins. This preponderance can be explained readily 
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by our concept as resulting from inseminations occurring either early or late 


1 
in the fertility period. 


The percentage distribution of monozygotic and dizygotic twins as given 


in the articles of Greulich and Guttmacher enable us to utilize the figures on 
twins given in the vital statistics of the United States. In the publications 


4 


available (1941, 1942, 1945" 5) these were broken down into unlike- and 
aValld + + Fe 


like-sexed male and female. There were a total of 86,996 sets of twins and 
827 sets of triplets accurately differentiated as to sex. These are recorded by 


vears for twins as given in Table II, while the small number of triplets are 


ANALYSIS OF SEX DISTRIBUTION IN TWINS 
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THEORETICAL ~ GREULICH | 1941 1942 1945 
\ V:' TAL STATISTICS OF U.S.A. 
6 \mong twins, both in Greulich’s series and in the U. S. Vital 
Statistics reports, there are more than twice as many like-sexed as unlike 
\ considerable part of this excess is accounted for by the single-ovum 
h must be like-sexed. In the dizygotic group, by chance alone, 
ert id be an even distribution of like- and unlike-sexed twins. How- 


shown, there is a surplus in the like-sexed dizygotic twins ranging 
26 to 34 per cent. As explained in the text and in Figure 7, we believe 
irplus 1s accounted for by inseminations occurring both early and late 
1; . 
tv period 


ferti 


combined as given in Table III. For the twins, the table shows a breakdown 
into monozygotic male and female groups and dizygotic unlike- and like-sexed 
groups, with the latter further divided into groups of males and females. From 
this table and from Greulich’s figures we have plotted Figure 6, showing the 
preponderance of the like-sexed over the unlike-sexed in the dizygotic groups. 
For Greulich’s group this ratio was 134.5 per 100, while for the much larger 
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Number 


DISTRIBUTION OF LIKE AND UNLIKE SEXED DIZYGOTIC TWINS (US. Vital 
Stotistic Reports) IN CORRELATION WITH THE SEX RATIO GRAPH GIVEN IN FIG. \ 


FERTILITY ~ PERIOD 
| Femace | SEXES EQUALLY DIVIDED | ___ MALE 
PREPONDERANCE | bs PREPONDERANCE | 
7 ng DIZYGOTIC TWINS eae 
Total twins 20,420] FROM TABLE | - RECORDED IN PAIRS [Yeor 1941) 
[ LIKE SEX UNLIKE SEXED | LIKE SEX 
(FEMALE) (MALE AND FEMALE) (MALE ) 
TOTAL : TOTAL | TOTAL 
5612 | | | 8986 | \5822! 


. i - we | 
t+. 4410 4576| [4576] i246] | 


EXCESS | EXCESS 


Balance proportionate part of unlike sex | 





[Total twins 22,447] : [ Year 1942] 
6119] | [9904] | ee } | 
1286 4833 4833 on es 

| Balance proportionate part of unlike sex | | 

[Total twins 21945] ___ [Year 1945] 
6012] | [9697 | ee 
1252 [4760| [4760] 14937, {4937| a. 

Balance proportionate part of unlike sex | 


lic. 7.—-Dizygotic, or double-ovum, twins give us an excellent approach 
to this problem through statistics already available. If the concept as 
explained above is correct, namely, that early insemination results in a pre- 
ponderance of females and late insemination results in a preponderance of 
males, there would necessarily be a preponderance of like-sexed dizygotic 
twins. Those resulting from early inseminations would be predominantly 
like-sexed females, those from late inseminations predominantly like-sexed 
males, while those resulting from inseminations in the mid-fertility period 
would, by the law of chance, be equally divided between like and unlike Sexes. 

The upper part of this graph shows the times of insemination which, in 
our opinion, result in female preponderance, relatively equal sex dis iialion 
and male preponderance. This is patterned after Figure 1. 

lhe lower part shows in the mid-fertility period, the unlike-sexed dizy- 
gotic twins balanced with an equal number of like-sexed dizygotic twins, the 
latter divided between females and males in the ratio of the total like-sexed 
females to the total like-sexed males for the year. There is a surplus of both 
like-sexed females and males which cannot occur consistently in such large 
numbers and in such a constant ratio by chance alone. Therefore, we feel that 
chance alone as an explanation of the relatively equal ratio of the sexes, even 
in single births, is untenable. Such a distribution of like- and unlike-sexed 
dizygotic twins can be explained only by the premise that in a certain portion 
of the fertility period insemination is more likely to result in female offspring, 
while in another portion insemination is more likely to result in male offspring, 
and these figures therefore can best be explained by the concept advanced 
by the authors. 
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census figures the ratio was 127.3, 120.0 and 120.3 per 100 for the years given 
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This preponderance of the like-sexed over the unlike-sexed in the dizygotic 


group Is he Vi nd the possibility of chance 
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ure 7 the statistics from Table II have been further broken down to 
show the distribution of the excess number of like-sexed dizygoti twins into 
male and female groups. As set forth in the legend, we have shown that there 
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is only one explanation for this, namely, that there has to be some portion of 


the fertility period during which insemination results in a preponderance of 


females and another portion when insemination results in a preponderance of 
ales. The distribution of this excess number of like-sexed dizygotic twins in 
Figure 7 is arranged so as to explain them on the basis of early and late 


mseminations as advanced in the authors’ concept. 
Che United States Vital Statistics for the years 1941, 1942 and 1945 report 
827 sets of triplets w ith the sex distribution recorded (See Table II1) and two 


sets of triplets with the sex unknown. 


SHOWING THE TIME OF ONSET OF HEAT IN RATS BLANDAU ET AL 








wa 
Si 
2S 
<a 
- 
wa 
Ow 
21 
z¢ 
9 1?) °.6|6O0 
DOA SCHON GAA TD & © AO 9 ON 
SNS OP GG VAT we SE UM SoG 
HOUR OF DAY OR NIGHT 
is graph, plotted from the published work of Blandau and 
, shows the time of onset of heat in rats as determined by the 
response lhe experiments here reported are based on the fact 
t majority ot rats go into heat within a relatively short space of 
ntered at about 7 p.m. It was realized that all rats going into heat 
uld diminish the expected male preponderance from insem 
ed out from 6 to 10 A.M., but it was felt that statistically sig 
results could be obtained in spite of this 
from the figures given in Table III we have plotted the graph in Figure 8. 
hi . s the preponderance of like-sexed females and males to be more 
than twice great as would be expected from chance alone. Since we have no 
statistics indicating the percentage of monozygotic triplets, we have been unable 
ph on the basis of triplets resulting from fertilization of separate 
| er, the marked divergence of the sex ratio from the theoretical 
listribution of sexes based on chance is sufficiently great to appear significant, 
even tl the monozygotics have not been eliminated (Compare with Fig. 6). 


MATERIAL AND METHODS 
I-xperiments were first undertaken with rats since much was already known 
about their sexual behavior, since they are relatively inexpensive to maintain, 
ind are highly productive, with a relatively short gestation period. Animals 
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for the experiment were taken from our own breeding colony of the Osborne- 
Mendell strain since we had accurate statistical data on the sex ratios covering 
the years since 1937, which could be used as a control. | 

At the beginning of the experiment in 1946 and 1947 the living quarters 
for this colony were not comparable with those of the control group. The 
cages were crowded, lighting was inadequate and adequate temperature control 
was impossible. The diet of the control and the experimental groups has always 
been identical. At the beginning of 1948, adequate cage space was obtained te 
a well-lighted, properly ventilated room with time-controlled light switches, 

VARIATIONS IN THE SEX RATIO IN RATS DEPENDENT ON THE TIME RELATIONSHIP 


BETWEEN OVULATION AND INSEMINATION (WITHOUT CONTROLLED SH TING -1947) 


(Approx mate time of ovulation 3 to 5am) 


‘a 
lime mat ng —F 

first permittéd 3AM 6 AM 3AM 
Experiment No 2 3 4 5 6 ? Q :) ) 

Dates mating | 3/20 |4/3 | |4/17| |5/23) |6/30 |77/18 8/8 VIO) 10/1 | /4 5/¢ 


nermitted 
pe J 


ae 
Pre WHA FEN 
4 180+ 
= 60 


%M f FR IO FF 
D ¢ mM + 
, =. @& > 
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EG j 
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60 

40 

20 
No offspring48'55| [32/16] 39127) 119 14| [38124 (2516) 24111) 22:20 [22:19] 3930 14/7] (21|\20 
Nooflittes! 13 || 6 || 7 || 5 {| 7 || 5 5 || 5 4 8 2 : 
%c’per 1009 875| | 200] | 144] | 136 || 158] | 157) | 218 | | 
Average % | 87 +9 

Fic. 10.—This graph shows the first experimental results obtained. As 

noted in the text, in the first experiments at 3, 6, and 9 A.M. only the 6 A.M 
group showed a marked male preponderance. Since, with the limited ta 


ities, only a few experiments could be run, it seemed desirable to concentrat 


on the 6 A.M. group to determine whether or not a male preponderance would 


be constant. This proved to be the case, as shown in the graph, despite the 
fact that detective equipment, discovered only toward the end f the experi 
ment, may have at times permitted mating earlier than the scheduled hour 
given on the chart. Such uncontrolled matings may have accounted for the 
results of these experiments being less significant statistically (49 per cent 
increase in males) than those obtained in the better-controlled experiments 
in 1948 (68 per cent increase in males for the 6 A.M. group) Figure 11B. Th 
100.1 percentage mark indicates the ratio of males per 100 females in 
the breeding colony and the 49 per cent increase in males was based on thes« 


figures as a control. 


From this time on the laboratory was kept dark from 8 p.m. until 6 A.M. 
throughout the year, giving a constant daily 14-hour light period. Temper- 
ature regulation has been improved, being thermostatically controlled at 84° F. 
during the heating season, but the laboratory has not been air-conditioned for 
the summer. 

It was felt that the easiest approach to this problem was to produce preg- 
nancies by inseminations through normal mating, permitted only at definite 
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times in the latter part of the heat period (Figs. 10 and 11). This we have 


assumed to be the latter part of the fertility period. This was done by placing 


sexually mature male and female rats in adjoining cages connected by a short, 


closed runway. The latter was opened automatically by a time-controlled 


mechanism set each evening. The trap door was a solid sheet of metal which 


shielded one cage from the other. 


EXPERIMENTS - 1948 
CONTROL - MATING UNRESTRICTED 


Experiment Na | || 2 | 3 4 5 6 
4/23) |4/23| 4/23, S/I7 | | 5/24 6/7 
Dates mating | “to TO TO TO To TO 


permitted (5713) | 5/13) | 5/13! | 6/ 6/|4 /27 
300} > — 


280, MMM MALE 
260, WZZ FEMALE 
240: 
220: 
200; 
180+ 
160+ 
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80 + 
60 
40 
20 
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No. offspring |42'57| |38|39| (65164, [30/3 





im 
3| (31 |29 [23/3 





No.of litters; 9 || 8 || It}]| 8 || 8 || 6 

% Oo per O09 | 73.7) | 974) 101.6) | 90.9) | 76.7| | 107 

Average % | 91 | 
A 





Fic. 11A.—The major control for all these ex 
periments was the output for one year of the 
medical school breeding colony from which these 
experimental animals were taken. With more than 
12,000 offspring there was a sex ratio of 100.1 
males per 100 females. In addition, we ran a fur- 
ther control, using six of the same groups of ani- 
mals as used in the experiments. These gave the 
sex ratio as shown above (Part A) with an aver- 
age of 91 males per 100 females. The 6, 8 and 9 
A.M. experiments (where there was no chance of 
earlier mating—see Fig. 10) show a progressive 
rise in the percentage of males from 168 to 255. 


Mating was permitted daily over the period of time and beginning at the 
hour indicated on the charts (Figs. 10 and 11). 


cage continuously over this period while the males were used in rotation daily 
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Handling was kept to a minimum. 
\ttet 


in s two. The sexes were separated daily 


the total period nating, the group of females w 






























n 9 and It A.M. 


as isolated tor 24 


days. Rats which became pregnant were removed from the group before the 
termination of gestation and returned to the group after weaning the litter 
at 21 days. Each group was discarded after four experiments 
When a litter was born, the sex of each offspring was determined by the 
inogenital distance.” The young were allowed to grow to 21 days, at which 
time they were weaned and the sex of all survivors was checked again as a 
VARIATIONS IN THE SEX RATIO IN RATS DEPENDENT ON THE TIME RELATIONSHIP 
TWEEN OVULATION AND INSEMINATION (WITH CONTROLLED LIGHTING -1948) 
(Approximate time of ovulation 3 to 5am) 
o 3 44M 6AM BAM IAM M 
xE nent Ne C || 2 | £3 | | 3 | 3 
5/1 310! | 2771 | 4ze7i | onal | 476 7/26 | 8/14 6 
9 TO TO TO TO TO T TO 
ted 25| |3/30} |2/27| |5/17 | | 3/5 | | 4/26 8/15| 9/3 | 8 
300 
Me MALE 
~ FEMALE 
: 60 ) 
om — = , - = Cae 
3/5! 113/5! legi20 117) 8} 1132/7 21j11| (2418 3 
= ; ; we a TT 6 
a 0 6 260 as 12 Rs 300 
roae 75 68 90 < ok 
B 
Ey does There was only one litter in the 10 o’cl group and this 
vedan > prepon lerance of 233 per cent rom these figures, one w | 
mnclude that “there was evidently some error in the 9 A.M up in 1947 
(Fi 10), probably the result of early mating due to defective equiy nt 
\1 sis of a ese figures in the delaved-insemination groups s vy them to be 
ighly significant and almost certainly beyond the possibility tf chance 
control against the primary sex differentiation. Whenever possible, the sex of ) 
any rat dying within the 21-day period was also checked. 


RESULTS 
The 


were performed under somewhat unsatisfactory « 


These experiments can be divided into two groups. 


in [947 


second in 1948 under much improved conditions, as noted above. T 
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output of the medical school breeding colony for the year beginning November 
» 1945, is taken as a control for both the 1947 and 1948 experiments. In this 
vear, with 12,135 offspring reaching the age of 21 days, at which time they 
were sexed, there were 6,071 males and 0,004 females in a total of 1,540 
litters or a ratio of 100.1 males per 100 females. The sex ratio by litters is 
siven in the chart of Figure 12. During the past two years, all large litters 
have been reduced to eight at the time of birth, without any attempt to deter- 


mine the sex of the discards. For these years, 11,202 (5,670 males and 5,532 


DISTRIBUTION OF INDIVIDUAL LITTERS IN THE CONTROL AND EXPERIMENTAL 
GROUPS (1948) ACCORDING TO SEX RATIO 
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Fic. 12.—The breeding colony control group shows essentially equal 
distribution of the predominantly female and the predominantly male litters 


(Fig. 1). The experimental colony control, using a relative surplus of males 
as compared with the small number of females in heat at a given time, shows 
a somewhat greater percentage of litters having a female preponderance as 
compared with those having a male preponderance. As contrasted to these, 
in the delayed-insemination groups, not a single litter showed a preponder- 
ance of females, only four showed a relatively equal distribution of sexes, 


while all other litters showed a preponderance of 60 per cent or more males. 


females) and 10,700 (5,417 males and 5,283 females) offspring have reached 
the age of 21 days, with a sex ratio of 102.49 and 102.54 males per 100 females 

for the respective years. 
[In order to make the matings in the experiments as normal as possible, and 
to minimize handling, we have utilized the reports as given by Blandau and 


others’ ™ that the majority of female rats go into heat between 5 and 10 P.M., 
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with the peak occurring at 7 o’clock (see Figs. g and 13). The length of heat 
as given by them averaged 13.7 hours and ovulation was complete in almost 
all animals by the tenth hour after the onset of heat (Fig. 13) 

With these facts in mind and in order to produce pregnancies late in the 
fertility period, the first experiments in delayed insemination were carried out 
at 3,6, and g A.M. The results, as shown in Figure 10, reveal that in the first 
three experiments the most striking variation in the sex ratio obtained was in 
the 6 A.M. group. Since only a few experiments could be run because of the 
small size of the colony, it was decided to limit the experiments to the 6 a.m. 


CORRELATION OF THE RESULTS OBTAINED IN THE DELAYED INSEMINATION EXPER- 
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Fic. 13.—In order to show the relationship between the time of insemination and 
ovulation, we have plotted our experimental results of delayed-insemination superimposed 
on a graph (plotted from the published figures of Blandau, et al.) showing the time of 
onset of heat and the probable time of ovulation in the rat. This shows that with insem- 
ination performed at progressively increasing periods of time following ovulation, there is 
a corresponding increase in the percentage of male offspring. The controls here are the 
100.1 per cent line for the breeding colony sex ratio and the ot per cent line for the 
experimental colony control as used throughout these experiments 


group to see if the preponderance of males would be maintained. This was 
found to be true. The almost equal sex ratio in the 9 A.M. group statistically 
is of little significance; it was felt that faulty equipment allowed insemination 
earlier than recorded on the chart. This will be explained later. Further check 
on the 9 A.M. matings was left for the 1948 experiments, our objective at this 
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time being to determine whether or not the experiment warranted continued 
investigation. In the 10 experiments carried out in the 6 A.M. group there were 
458 offspring with a ratio of 149 males per 100 females as compared with 100.1 
males per 100 females in the control group. This gave a 49 per cent increase 
in the percentage of males. 
1948 EXPERIMENTS 

Early in 1948 many of the unsatisfactory physical conditions in the labo- 
ratory were remedied. Among these was the institution of accurately con- 
trolled hours of light (from 6 a.m. to 8 p.m.) and darkness (from 8 p.m. to 6 
A.M.). Our objective was to determine how late in the heat period a reasonable 
number of pregnancies could be obtained, and the time at which there would 
be the highest percentage of males. We began the experiments using the hours 
t and 6 A.M. which we believed to be near the probable time of ovulation. The 
4. A.M. group compared roughly with the 3 A.M. group of 1947 while the 6 a.m. 
group with 67 offspring gave a ratio of 168 males per 100 females as compared 
with 149 males per 100 females in the 1947 experiments. 


TABLE I\ Effect of Late Insemination on the Sex Ratio of Individual Litters (Rat) 


Time Female Sexes Equally 
Late Preponderance Divided Male Preponderance 
Insemination 75-100°7, 60-75% 40-607 60-75% 75-100% 

No. A No. ay// No. q 
6 A.M 0 0 1 14.3 6 85.7 0 0 
8 A.M 0 0 1 10 8 80 1 10 
9 A.M 0 0 2 15.4 4 30.8 7 53.8 
10 A.M 0 0 0 0 1 100.0 0 0 


We then began further experiments utilizing later hours as given in Figure 
11h. In the 8 A.M. group with go offspring the ratio of males per 100 females 
was increased to 190 while in the 9 A.M. group with 103 offspring, this ratio was 
further increased to 255. (Figure 11B; for individual litters and a statistical 
chart of these see Table V and Fig. 12). In the first lo A.M. experiment only 
one pregnancy resulted. In all likelihood this rat went into heat late, since at 
this time all other rats in the group apparently had passed through the heat 
period ; further experiments in this group have not as yet been carried out. In 
this one litter (7 males and 3 females) the sex ratio was 233 males per 100 
females. 

In addition to the control figures taken from the medical school breeding 
colony of rats, we considered it necessary to run an additional control, using 
the same groups of animals under identical conditions as in the late insemina- 
tion experiments, except for the fact that the males and females were together 
continuously for the duration of the experiment (Fig. 114). Each group of 
rats used once for a control experiment, was used both before and after this 
time for late insemination experiments. In six control groups there were 481 
offspring. The ratio of males per 100 females varied from 74 to 107, with an 
average of ot (Fig. 11A). 


65 


uw 





HART AND MOODY 
TABLE \ 


Experiments with I 


rf 


Inseminations 
1948 Using Constant Periods 


nn 
ana 


of Light and Dark 


Dates Mating 
Permitted 


Feb 5-Feb. 25 
Mar. 10—-Mar. 30 


Feb 7—Feb. 27 


Zi 


April 27 
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TABLE V.—(Continued) 
fating Total No Mak 
Ext Pe tted Dates Mating Day of No. per Littet per Exp per 100 
No Bes ig at Permitted Delivery M F, M. F. Females 
( t $ April 23-May 13 May 16 6 
May 16 8 
May 16 1s) 
May 20 8 
May 20 6 
May 22 5 
May 22 6 } 
May 24 2 6 
May 27 3 
May 31 } 
lune 1 6 5 5 64 101.6 
( Ma 1 ] ¢ June 8 
| lune 9 } 
June 9 5 
June 11 3 ( 
June 15 ( 
June 15 
June 15 ) 
Tune 23 } 5 30 33 90.9 
( tr May 24-June 14 Tune 15 5 
j June 16 } 
| 16 5 
lune 16 3 
lune 19 ? } 
June 20 
lune 20 ( 
June 28 3 ) 107 
] 27 Tune 30 ) 
1 
Tu 3 
lu 3 ( 
Ju 7 { 
Ju 14 
Tuly 19 ( r | 
it is also of interest to compare the sex ratio of individual litters in these 
48 late insemination experiments and in the controls (Fig. 12). In the 
breeding-colony control group and in the controls in the experimental colony, 
from 40 to 60 per cent of the litters were approximately evenly divided, from 
20 to 30 per cent of the litters showed 60 per cent or more females and another 
20 to 30 per cent showed 60 per cent or more males. In the late insemination 


experiments there was no litter with as many as 60 per cent females, only four 
litters were relatively equally divided, while the great preponderance of litters 


(27) showed from 60 to 100 per cent males (Fig. 12). 


DISCUSSION 


These experiments as carried out were based on the knowledge that the 


great majority of rats go into heat within a period of a relatively few hours, and 
lat for most rats ovulation follows within from 7 to 10 hours.’ 1 Although 
there is considerable variation in the onset of heat and the time of ovulation 
Fig. 13), these variables were not excluded under the conditions in which 
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these experiments had to be carried out, and therefore they are reflected in 
the results obtained. Furthermore, although the time when the males and 
females were put together was accurately controlled, the actual time of mating 
following this might have been variable.* However, by taking advantage of 
the times when the great majority of the rats went into heat and when they 
ovulated, statistically significant data have been obtained. The fact that rats 
that went into heat and also ovulated at hours different from the majority were 
not eliminated makes the results more, rather than less, highly significant. In 
order to demonstrate graphically these variations as to time of onset of heat 
and the subsequent time of ovulation, we have plotted the graph relating to the 
onset of heat and the time of ovulation from reports made by Blandau and his 
co-workers.’” 11. The graph giving the time of onset of heat shows that 10 
per cent of the rats had gone into heat by 5 p.m. and that another 18 per cent 
did not go into heat until after 10 p.m., while only an occasional animal went 
into heat at any one hour from that time until the following noon (Figs. 9 
and 13). The preponderance of ovulation (88 per cent) occurred within the 
period of from 7 to Io hours after the onset of heat, leaving approximately 12 
per cent in which ovulation occurred later than 10 hours, but with ovulation in 
all complete at 13 hours (Fig. 13). The results of our 1947 and 1948 experi- 
ments with late insemination are plotted on this same chart showing the pre- 
ponderance of males where mating was first permitted at 6, 8, 9 and 10 a.m. 
This shows the relationship between the time of insemination in these experi- 
ments and the probable time of onset of heat and subsequent ovulation. The 
resultant deviation of the sex ratio from the average, with the high percentage 
of males in practically all litters (Tables IV, V and Fig. 12) brought about by 
simply postponing mating from the presumed normal time until the times 
indicated in the experiments, is very obvious. 

Because of the small size of the colony, the animals could not be sacrificed 
to determine the sex of all embryos. Fach litter was sexed as soon as feasible 
following birth, but at times there was some delay, and certain fetuses born 
dead may have been destroyed by the mother. These conditions, however, pre- 
vailed in both the control and delayed-insemination groups. 

In plotting the curve in Figure I to demonstrate this pattern of variation 
in the sex ratio, only the more accurately controlled 1948 experiments were 
used. The total offspring in the 6, 8,9 and 10 A.M. experiments were used and 
the percentage of males and females for each hour determined. From a base 
line of zero the percentages of males were charted below and the percentages 
of females above, as indicated by the solid lines. 

* In one of the 1947 experiments the door separating the males from the females 
opened prematurely because of defective equipment and mating may have occurred earlier 
than planned. This experiment was eliminated. This premature opening resulted from 
the jarring loose of the trap door by the hyperactivity of the highly excited rats. Such 
may have happened in other experiments during this year, since the cages were not 
routinely inspected during the night, and such an error may have accounted for the low 
ratio of males to females in some of the experiments. However, such premature mating 
would not detract from, but would add to, the significance of the over-all data obtained. 
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It is our opinion that in most animals there is a broad band in the heat 
period during which time mating most frequently occurs, with a resulting 
relatively equal sex ratio. As an evolutionary process, the maximal mating 
response would come to lie in the period resulting in the sex ratio optimum for 
the propagation of the species. In the midportion of the graph (Fig. 1) we 
have left such a theoretical area clear. Since there is a preponderance of males 
in the later stages of the heat period, and since the control figures in our rat 
breeding colony shows practically an even distribution between males and 
females, there must be some time in the fertility period when insemination 
results in a preponderance of females to counterbalance the preponderance of 
males resulting from inseminations occurring late in the heat period. We have 
assumed this to be in the earliest stages of the fertility period. In order to 
plot a graph for this, giving a total sex ratio of approximately equal distribu- 
tion of sexes, we have reversed the percentages of males and females for the 
6, 8, 9 and 10 A.M. experiments and placed them in the earliest hours of the 
fertility period, as shown by the dotted lines in Figure 1. Furthermore, 
although the female, as shown by the copulatory response, may go into heat 
early in the evening, there may be a lag in the time of mating, as compared 
with the earliest period of fertility, due either to the time required for the 
female to reach her maximum receptivity or to the amount of stimulation 
required to build up the mating response in the male, or both. C« msequently, 
under normal conditions, probably only a relatively small percentage of insem- 


inations occur during the earliest stages of the fertility period. In the late 
stages of the fertility period, mating is also probably relatively infrequent, in 
part because of the declining receptivity of the female, and in part because of 
the diminishing aggressiveness of the male. The small number of pregnancies 
per unit of rats obtained in our late mating experiments may give some cor- 
roboration of this. 

In order to see how the sex ratios of an individual litter in a normal 
breeding colony might fit in with such a concept, we have analyzed every litter 
in the breeding colony for one year. There were 12,135 offspring in 1,540 
litters, with the sexes equally divided (6,071 males to 6,064 females). The 
litters were grouped according to the sex ratio, and the results in percentages 
of the whole were’plotted on the lower part of Figure 1, extending throughout 
the heat period. It was found that the groups of litters containing from 75 to 
100 per cent males or females were each 9.3 per cent of the total number; the 
groups of litters containing from 60 to 75 per cent of males or females were 
likewise almost identical in size, comprising 20.3 per cent and 20 per cent of 
the total, respectively. The large midgroup of litters with the sexes approxi- 
mately equally divided (from 40 to 60 per cent ratio) formed 41 per cent of 
the total. 

It is interesting to speculate as to how such a curve of distribution of 
sexes, dependent on the time relationship of insemination to ovulation, might 
work toward balancing the distribution of offspring for the best propagation 
of the species. Under conditions giving a preponderance of males in the species, 
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they would become more aggressive and mate earlier in the heat period, with 
a resultant increase in the female offspring. On the other hand, with an 


ber of matings 


increasing depletion of the male population, an increasing num 
would probably occur in the later stages of the heat period, with a resultant 
increase in the number of male offspring. 

It is interesting to speculate as to how the time of insemination in relation 
to ovulation could affect the sex of the offspring. Theoretically, with the pass- 
age of time during the fertility period, there might be a change in: 


g 
1. The permeability of the ovum. 
2. The viability and aggressiveness of the extrachromosome spermatozoa, 
3. The motility of the extrachromosome or female producing spermatozoa 


1 
} 


as compared with the male producing spermatozoa. 

4. Genital-tract conditions. 

It is entirely theoretical but to us it seems easiest to explain the etfect of 
the time factor on the sex of the offspring on the basis of the relative differ 


ences in motility, viability and aggressiveness of the two types of spermatozoa, 


PROPOSED EXPERIMENTS 


1 1 
ne control 


Further experiments now contemplated will be directed toward t 
of some of the variables accepted in these experiments, at the same time con 
firming more accurately the results already obtained with larger series of 
offspring. This will necessitate accurate determination of the onset of heat 
in each female and an accurate record of the time of insemination, thereby 
giving us control of two of the most important three variables, leaving uncon 
trolled the time of ovulation. 

Simultaneously experiments are to be carried out to give inseminations at 
the earliest possible time in the fertility period to determine whether or not this 
will increase the percentage of females in the sex ratio. In order to give the 
highest degree of accuracy, it is contemplated that the animals 1n all these 
experiments will be sacrificed just prior to the termination of pregnancy, and 
the sex of each fetus determined by mit rodissection. 

\s soon as satisfactory facilities can be provided, we plan to undertake 
similar experiments in other laboratory animals, and particularly in cattle 

We also feel that the time has arrived to apply to humansyin selected cases, 
the information so far obtained. Preparations for this are already under way. 

We hope that eventually experiments can be carried out directed toward 


he sex ratio occurs. 


determining why this variation 1n t i 
SUMMARY 


r. in experimental breeding of rats we have increased the percentagt of 


male offspring as compared with the female from a normal of 100.1 to per- 
centages varying from 149 to 255. This was accomplished by delaying insem- 
ination until varying hours after the expected time of ovulation; the greater 


the time interval after ovulation, the greater was the percentage of males 


2. An analysis of more than 65,000 pairs of dizygotic twins reveals in each 
vear’s group approximately 27 per cent more like-sexed than unlike-sexed 
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pairs. On the basis of our experimental studies, we feel that this constant 
urplus. inconsistent with chance alone, results from inseminations occurring 
sur] ius, ; 


both early and late in the fertility period. 


CONCLUSIONS 
On the basis of our experimental studies and a statistical analysis of large 
numbers of human twins, it 1s our opinion that the time factor between insem- 
ination and ovulation directly influences the sex of the offspring. 
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THE TREATMENT OF CONGENITAL ATRESIA OF THE 
ESOPHAGUS WITH TRACHEO-ESOPHAGEAL FISTULA* 
I. A. Biacer, M.D. 


MEDICAL COLLEGE OF VIRGINIA 


RicHMOND, VA. 


CONGENITAL ATRESIA of the esophagus with tracheo-esophageal fistula was 
well described by Thomas Gibson’ of London in 1703, yet in 1918, 215 years 
later, Plass* was able to find only 136 completely verified cases recorded in 
the literature. This suggests that the anomaly is an unusual one, but the num- 
ber of cases observed during recent years proves this assumption to be incorrect, 
Gray Turner® stated that congenital atresia of the esophagus occurs once in 
approximately 2,500 births, or with about the same frequency as harelip and 
cleft palate. Turner’s statement is supported by the fact that 89 such cases were 
admitted to the Boston Children’s Hospital in a seven-year period. Congenital 
esophageal atresia may occur either with or without a fistulous communication 
with the trachea. A fistula may connect the trachea with either the proximal 
or the distal esophageal segments, and rarely with both esophageal segments. 
Vogt’s* classification of the varieties of congenital atresia of the esophagus is 
the one most often used and is quite satisfactory. He divided them into three 


\ 


main types: (Fig. 1.) 


g 

I. Agenesis of the esophagus. 

IT. Atresia of the esophagus; no communication with the trachea. 

III. Atresia of the esophagus ; fistulous communication with the trachea or 
(rarely) with one of the main bronchi. 

(a) Fistula between the proximal segment of the esophagus and the trachea. 
Proximal end of the distal segment ends blindly at about the level of 
the bifurcation of the trachea. 

(b) Proximal segment ends in blind pouch; distal segment communicates 
with the trachea or rarely with one of the main bronchi. (Fig. 2.) 

(c) Both proximal and distal esophageal segments communicate with the 
trachea. 

Occasionally tracheo-esophageal fistula occurs in the absence of esophageal 

atresia. 

The variations of this anomaly are of more than academic interest to the 
surgeon, for the type of operation to be done, even the approach, depends upon 
the nature of the lesion. An attempt should therefore be made to determine the 
exact anatomic relationship between the esophageal segments and between 
each segment and the trachea. 

The question of diagnosis will be considered only in so far as it affects 


treatment. The diagnosis of congenital atresia of the esophagus may be made 


* Read before the Southern Surgical Association, White Sulphur Springs, W. Va. 
December 7, 1948. 
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A- TRACHEA 

B- BIFURCATION OF TRACHEA 

C- UPPER SEGMENT OF ESOPHAGUS 
D~- LOWER SEGMENT OF ESOPHAGUS 


Fic. 1.—Congenital atresia of the esophagus. Illus- 
trating the relationships which may exist between the 
esophageal segments and the trachea. In addition, com- 
plete agenesis of the esophagus may occur and, rarely, 
tracheo-esophageal fistula in the absence of esophageal 
atresia 








Fic. 2—Congenital atresia of the esophagus with fistula between the distal segment of the 


esophagus and the trachea, Type 3b, the one most frequently encountered. 
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with a considerable degree of certainty on the basis of the history of excessive 
drooling of saliva and the immediate regurgitation of everything given py 
mouth, with strangling. In infants with esophageal atresia a soit-rubber cathe- 


ter passed into the esophagus will meet an obstruction from 10 to 12 em. from 


the gum margin. If along with such an obstruction there is evidence of gas 
in the stomach and intestines, there is almost certainly an associated tracheo- 
esophageal fistula. However, a marked stenosis of the esophagus without 
fistula may give the same find- 
ings. A definite diagnosis can be 
made by roentgenoscopic and 
roentgenograplhic examinations 
following the injection of iodized 
oil into the upper esophagus, 
Barium should never be used for 
this purpose, for if it 1s regurgi- 
tated and aspirated into the 
tracheobronchial tree it produces 
obstruction of manv of the smaller 
bronchi and leads to serious res- 
piratory difficulties. (Fig. 3) If it 
is shown that the upper esoph- 
ageal segment ends blindly, air in 
the stomach and intestines can 
only mean there is a fistula be- 
tween the distal segment of the 
esophagus and the trachea or one 
of the main bronchi. If the upper 
esophageal segment ends _ blindly 
and there is no air in the stomach 
and intestines, it is usually as- 
sumed that there is no fistulous 
communication between. the 


esophagus and the trachea, but 





Haight® has shown that this is an 


Fic. 3.—Roentgenogram showing the wide unjustifiable assumption since he 
istri i r bari i > bronchi ‘eas 1 ¢ 
distribution of barium in the bronchial tree a has demonstrated small fistulas 
the result of use of this material to outline the 
upper esophageal segment under such circumstances. Atresia 


without fistula may mean there ts 
agenesis of the distal esophagus, which, of course, eliminates the possibility of 
esophageal anastomosis. When reconstruction of the esophagus is not possible, 
one should consider the advisability of doing a primary esophagogastrostomy, 
which can best be done through a left transpleural approach. Direct anasto- 
mosis of the esophageal segments, on the other hand, is more easily and more 
safely accomplished through a right extrapleural approach 
Even when a fistula is known to be present, one cannot be certain whether 


or not a direct anastomosis is feasible without knowing the length of the 
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proximal segment and the level at which the distal segment joins the trachea. 
f the proximal segment is short and the distal segment joins the trachea at or 
near the carina, it is unlikely that a satisfactory anastomosis will be possible. 
(Fig. 4.) It is therefore apparent that one should attempt to determine whether 
or not there is a fistula and the distance between the two segments when there 
is a fistula. Haight has stressed the importance of roentgenoscopic examina- 
tion aiter the injection of iodized oil as a means of gaining a more accurate 
idea of the length of the proximal segment, for its position varies considerably 
with inspiration and expiration. The information obtained from roentgeno- 


rams mav therefore be misleading. 


y 
~ 





FIG. 4 \, Left) Upper blind esophageal pouch extends to the level of the fourth 
rib posterior! \nastomosis is readily done. (B, Right) Very short upper esophageal 
segment Direct anastomosis was not possible. 


Byron” recommends tracheoscopy when there is doubt as to the presence 
of a fistula. This may be the most accurate way of demonstrating a small 
fistula, but even the slight trauma incident to the passage of a rigid tube through 
the larynx may produce sufficient edema to necessitate tracheotomy. It seems 
likely that a small fistula can be demonstrated more safely by roentgenograms 
made after iodized oil is injected into the trachea as well as into the esophagus. 


[he preliminary application of a small quantity of 2 per cent procaine to the 


nucosa will control the cough reflex sufficiently to permit slightly 
warm oil to be used satisfactorily. The tracheal injection should be made while 


| 


] 
it 
il 


y elevated. By this means the level of the fistula may be accurately 
determined and the distance between the esophageal segments made known 
preoperatively. 
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A roentgenogram should be made of the chest and abdomen before any 
opaque material is injected. The type and extent of pulmonary involvement js 
thereby demonstrated. The abdomen is included on the roentgenograms be- 
cause the amount and distribution of air in the stomach and intestines may be 
significant. A large amount of air in the stomach and little in the intestines 
would suggest pyloric stenosis and air in the stomach and no air distal to the 
stomach would point to duodenal atresia. 

Foster and Shaw‘ reported the postmortem findings in a child with 
esophageal atresia who died on the eighth day. A typical hypertrophic pyloric 
stenosis was also discovered. Careful search should always be made for asso- 
ciated anomalies, for they occur frequently. In 94 infants with esophageal 
atresia, Plass found evidence of 59 associated anomalies; in 24 of these there 
was atresia of the anus. 


TREATMENT 


The treatment of congenital atresia of the esophagus was altogether unsuc- 
cessful until within the last decade. In fact, the condition appeared so hopeless 
that little thought seems to have been given to its treatment until the early part 
of this century. The attitude of the surgical profession was well stated in 1869 
by Mr. T. Holmes, a London surgeon and the author of a treatise on pediatric 
surgery. He said: “The evidence, then, which we at present possess discour- 
ages the hope that this malformation is remediable by operation, since in all the 
cases which are on record, the obliteration has extended so far down that the 
lower portion of the tube could not have been reached by a surgical operation. 
In cases where a tracheal fistula exists in connection with obliteration of the 
esophagus, it may be questioned whether life would be permanently main- 
tained even if the passage of food could be restored ; and in any such case the 
attempt ought not, I think, to be made. But in cases where no such communi- 
cation can be made out, I cannot see any objection to the operation, if the 
parents wish it, after the almost inevitably fatal nature of the case has been 
explained to them. The object would be, to cut down upon the point of a 
catheter passed down the pharynx, and then to attempt to trace the obliterated 
esophagus down the front of the spine, until its lower dilated portion is found. 
A gum-catheter would then be passed through an opening made in the upper 
portion, and so into the stomach through the lower portion. If the two portions 
are near enough to be connected by silver sutures over the catheter, and if the 
latter can be retained until they have united, permanent success might possibly 
be obtained.” 

Mr. Holmes’ attitude was understandably pessimistic, but he did suggest 
the possibility of end-to-end suture of the esophageal segments and was prob- 
ably the first surgeon to give serious consideration to that possibility. The 
attitude expressed by Brennemann® of Chicago in 1918 was still far from opti- 
mistic, even though some progress had been made toward the development of 
a rational operative treatment of this anomaly, as his statement indicates. He 


The ultimate ideal of all surgical attempts would be this union of the 
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upper and lower portions of the esophagus. It is of interest in this connection 
that these commonly meet at the same level. Hoffman attempted this operation, 
approaching it, however, by the impossible neck route. He gave it up and did 
a simple gastrostomy with the inevitable result. Whether this operation will 
ever be possible the future advances of intrathoracic surgery must decide. Even 
if possible, it would still seem probable that pediatric limitations will form an 
insurmountable barrier. In these otherwise hopeless cases, however, one gives 
the surgeon a full rein with a clear conscience.” 

Up to that time gastrostomy was the operation most frequently done in 
connection with this anomaly but, as indicated by Brennemann, it was alto- 
gether futile. In 1904 Villemin'’ passed a gastrostomy tube through the pylorus 
and around into the first part of the jejunum, in the hope that he might thus 
avoid the regurgitation of food and its aspiration through the fistula into the 
tracheobronchial tree, but the result was no better than with simple gastrostomy. 

Richter'’ of Chicago apparently was the first surgeon to appreciate the 
primary importance of closing the tracheo-esophageal fistula and was also the 
first one who had the temerity to make a direct transthoracic approach to the 
fistula. He entered the mediastinum and closed the fistula in two infants: both 
died, but his report served to direct attention to closure of the fistula as well as 
to the establishment of esophageal continuity, which he advocated but did not 
attempt. 

Lanman'* of Boston performed the first end-to-end suture of the esophageal 
segments in 1936 and in 1940 made an excellent report of the experience of the 
surgeons at the Boston Children’s Hospital, where 32 infants with congenital 
atresia of the esophagus had been observed. Thirty of them had been operated 
upon ; four had direct anastomosis of the esophageal segments. All died, but in 
spite of the results Lanman insisted that end-to-end suture was the procedure 
of choice in suitable cases and predicted that success would soon be reported. 
The following year Cameron Haight'* of Ann Arbor performed a successful 
direct anastomosis which was reported in 1943. Previous to this (in 1939) 
Logan Leven™ of St. Paul and W. E. Ladd’ of Boston had each had patients 
survive multiple-stage procedures; closure of the fistula, gastrostomy and 
cervical implantation of the proximal esophageal segment. 

It was clear, however, that primary anastomosis of the esophageal segments 
was far preferable to any of the less direct, multiple-stage procedures and many 
surgeons felt that it should be used even if it resulted in a somewhat higher 
mortality. There can be little doubt that the final result is far superior to that 
achieved by the use of any other type of operation, and now that Haight, Swen- 
son'® and many others have shown that primary anastomosis can be done with 
a reasonably low mortality, there should be no question that it is the procedure 
to employ when it 1s feasible. 

Singleton’ and Lyons'® have expressed a preference for the transpleural 
approach to the esophagus, but Haight and Swenson, and in fact a majority of 
surgeons working in this field, prefer the extrapleural approach when it 
appears that primary esophageal anastomosis will be possible. We believe that 
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the right posterior extrapleural approach is safer and better in those cases of 
congenital atresia of the esophagus with tracheo-esophageal fistula in which the 
roentgenoscopic and roentgenographic findings indicate that a satisfactory 
approximation of the two esophageal segments may be obtained. 

During the past year we have used the following plan of management and 
have so far been reasonably well satisfied with the majority of the measures 
we have employed. However, some changes are indicated. 


PREOPERATIVE MANAGEMENT 


Upon admission to the hospital the child is examined and an attempt is 
made to discover the type of anomaly present and whether or not there are 
associated anomalies, especially those which might complicate the immediate 
picture or those apt to be incompatible with life. When an atresia with asso- 
ciated tracheal fistula is found, the child is placed in the prone position and the 
foot of the crib is elevated. This position is maintained for a considerable part 


have turned the 


of the time, but we have followed Haight’s suggestion and 
child from the prone to the lateral positions at intervals, usually with the right 
side dependent. Haight suggested this maneuver with the idea that if atelectasis 
developed it would be likely to occur in the dependent lung, and atelectasis of 
the right lung would not prevent operation through that side. We believe this 
should be modified to this extent: If the findings indicate that a direct anasto- 
mosis will be feasible, the right side should be kept dependent a considerable 
portion of the time, but if it is apparent that a direct anastomosis cannot be 
done, the left side should be kept dependent since it is likely that a left trans- 
pleural approach will be used. Mucus and excess saliva are removed at frequent 
intervals by gentle suction. We have not employed continuous suction for 
this purpose. 

Infants with this anomaly are usually greatly dehydrated, so fluid is admin- 
istered in relatively large amounts as equal parts of Hartman’s solution and 
5 per cent glucose in water, or as 3 per cent glucose in water. It is important 
to avoid giving too large quantities of electrolytes because of the danger that 
they will be retained and will thereby lead to generalized edema. We believe, 
however, that the very pronounced edema sometimes seen postoperatively is 
primarily due to increased pressure within the mediastinum, the result of leak- 
age and infection. In one case in which there was unusually marked edema, 
large collections of air and purulent fluid were evacuated by opening the 
mediastinum. This was followed by very rapid disappearance of the edema. 

We have given blood freely and, although we have usually limited each 
transfusion to the traditional 10 cc. per pound, we have not hesitated to give a 
sufficient total amount to raise the hemoglobin to 20 Gm. or even higher. 
Penicillin is given in moderate dosage preoperatively and in large dosage post- 
operatively from 20 to 25 thousand units every three hours. The preoperative 
penicillin is important as an aid in preventing pulmonary complications. Strep- 
tomycin is usually given for the first few days after operation to help combat 
infection by those organisms little affected by penicillin. 
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OPERATIVE PROCEDURES 

In those patients with an associated fistula we have done a preliminary 
gastrostomy, usually within the first 24 hours after admission. (Fig. 5.) We 
have done the gastrostomy preliminary to thoracotomy primarily for the 
purpose of deflating the stomach and intestines, which in a large percentage 
of the cases are markedly distended. Such distension makes the anesthetist’s 
problem much more difficult and thereby adds to the seriousness of the 
undertaking. We have also noted an occurrence which has been commented 
upon by Richter, Daniel’ and others; even if there is no pronounced preop- 
erative distention, it will become marked if the anesthetic is administered under 





Fic. 5.—Rapid deflation of stomach and intestines following gastrostomy. The fistula 
had not been closed. 


positive pressure. We believe our results have justified this change in the 
order of procedure, but we now realize that it is unwise to do a preliminary 
gastrostomy unless the findings indicate that a primary anastomosis is pos- 
sible. In two instances we have done the preliminary gastrostomy, and have 
then made a right-sided extrapleural approach only to find that the segments 
were so widely separated it was not possible to approximate them. 

In three cases we passed the gastrostomy tube through the pylorus and 
around into the jejunum with the idea that this might help prevent regurgita- 
tion. This maneuver had been used by Villemin and by Logan Levin, but we 
were unaware of this at the time we used it. During manipulation of the tube 
through the pylorus, that structure was visualized and palpated and was 
normal in all three cases. Interestingly enough, all three of the infants on 
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whom this procedure was tried were in the hospital at the same time, all were 
females and all developed hypertrophic pyloric stenosis. We performed the 
Fredet-Rammstedt procedure on two of them and both made uneventful recoy- 
eries. One was about to be operated upon when she showed improvement and 
went on to recovery without the aid of surgery. The clinical and roentgen 
findings leave little doubt that she too had hypertrophic pyloric stenosis. 

We agree with Haight that general anesthesia is necessary to obtain the 
desired degree of relaxation for the thoracotomy, but we use local anesthesia 
for the gastrostomy. For the thoracotomy we use ether and oxygen admin- 
istered through a small, snugly fitting mask. We haye hesitated to use an intra- 
tracheal tube because of the fear of its producing edema of the glottis, and we 


& 
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Fic. 6.—Incision for right extrapleural exposure of the esophageal segments 
when direct anastomosis seems feasible. 


have not felt that it offered sufficient advantage, when the extrapleural approach 
is used, to justify that risk. When the transpleural route is used, an intra- 
tracheal tube offers far greater advantages. 

The infant is placed on the operating table in the prone position, but with 
the right side slightly elevated and with the right arm carried well above the 


head. (Fig. 6.) A slightly curved incision is made at the level of the fifth rib, 


starting about 2 cm. to the right of the spine and extending well beyond the 
posterior axillary line. The trapezius and rhomboid muscles are divided and a 
narrow segment of the dorsal border of the latissimus dorsi muscle is usually 
cut. The scapula is retracted upwards with the attached muscles to expose the 
fourth rib, which is resected subperiosteally from the spine to near the mid 
axilla. The head of the rib is disarticulated. The internal periosteum of the 
fourth rib is carefully incised but the incision is discontinued at least 0.5 cm. 
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short of the lateral cut end of the rib. This measure and disarticulation of the 
head of the rib are used to avoid laceration of the pleura on the cut ends of 
the rib. Only one rib is resected and no others are divided because we have 
found that we can obtain altogether adequate exposure in this way. Further- 
more, the mobilization of the chest wall resulting from resection of four or five 
ribs must cause some interference with respiration in the postoperative period, 
when respiratory difficulties are so apt to occur from other causes. Also it 
seems likely that some degree of permanent deformity will result from the 
posterior division of so many ribs in such young individuals. 

The parietal pleura is separated from the chest wall above and below the 


level of the fourth mb and from the mediastinal structures by careful finger 
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Fic. 7.—Note the excellent exposure obtained by resecting only one rib (the fourth). 


dissection, pressure being directed against the chest wall or mediastinal struc- 
tures and not against the thin pleura. (Fig. 7.) The azygos vein is divided 
between fine silk ligatures, and an attempt is then made to find the distal 
segment of the esophagus, for we believe the fistula should be closed before 
the proximal segment is investigated. Finding the distal segment is usually 
not difficult, but may give some trouble if the esophagus joins the trachea at 
the carina. The esophagus is ligated with fine silk as near as possible to the 
trachea, a mosquito clamp is applied about 0.5 cm. distal to the ligature and 
the esophagus is divided against the clamp by a sharp knife. The cut ends are 


treated with phenol and alcohol and attention is then turned to the proximal 
segment. 
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When the upper segment has been exposed, a traction suture is inserted 
in its distal portion and it is dissected free well up into the neck. A traction 
suture is then inserted into the distal segment and the clamp is removed. The 
tip of the proximal segment may be either incised or excised. If the segments 
are sufficiently long, we prefer using Haight’s method of telescoping the small 
distal segment into the upper segment. (Fig. 8.) If there is any tension when 
we attempt to telescope the ends, we do a simple end-to-end suture with two 
rows of interrupted sutures of fine silk. (Fig. 9.) 

When the anastomosis has been completed, a small (10 or 12 French) 
catheter, with several openings near the tip, is inserted through a puncture 
wound in an interspace well below the incision and is fixed near, but not in 
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Fic. 8.—lIllustrating closure of the fistula and anastomosis 
by telescoping the smaller distal esophageal segment into the 
wider proximal segment (Haight). Note-the vertical appli 
cation of the sutures. 


contact with, the anastomosis by a suture of 0000 plain catgut. The catheter 
is connected for under-water drainage. Muscles and fascia are approximated 
with widely spaced, loosely tied, interrupted sutures and the skin is closed 
with interrupted sutures of 0000 plain catgut. A gauze dressing is used for 24 
hours, then removed and the incision is covered with collodion. 

The drainage tube is removed in seven or eight days if there is no leakage 
from the esophageal suture line. If there is leakage, the tube is left in until the 
fistula heals. 

In those cases of atresia with agenesis of the distal segment or those in 
which the two segments are too widely separated for primary anastomosis, one 
may make a left transpleural approach and do a primary esophagogastrostomy, 
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as has been done by Swenson, Lyons and Byron. Swenson’s patient recovered ; 
the others died, but death was due to causes other than the operation in both 
instances. 

Singleton tried to bring widely separated esophageal segments together by 
incising the diaphragm at the hiatus and elevating the cardia but was unsuc- 
cessful. He apparently did not divide the left gastric artery, and it would seem 
that this would be necessary before the cardia could be elevated sufficiently to 
be of appreciable help. Division of the left gastric artery should be near its 
origin from the celiac artery and care should be taken to avoid injury to the 


vascular arches connecting it with the other gastric arteries, otherwise the 





Fic. 9 (Left).—Roentgenogram following the instillation of iodized oil into the 
esophagus two weeks after anastomosis by telescoping the distal segment into the proximal 
segment. Note the very slight narrowing. The small amount of oil in the bronchi is the 
result of regurgitation and aspiration and is not due to recurrent fistula. The tube 
extends into the jejunum. 


Fic. 10 (Right).—Postoperative use of the gastrostomy tube, which is connected to 
the barrel of the asepto syringe; this is fastened well above the infant’s body level. It is 
used for feeding and is left open between feedings to permit escape of gas, thereby 
diminishing the danger of regurgitation. 


blood supply to the esophagus might be compromised. Either of the pro- 
cedures described above is preferable to any of the multiple-stage operations, 
but they are extensive, and if the infant’s general condition is not good, it may 
be wiser to adopt one of the stage procedures, such as closure of the fistula, 
gastrostomy, and cervical implantation of the upper segment. Later the oper- 
ation used by Sweet”? or that described by Reinhoff*! may be used to establish 
continuity of the alimentary tract. The operation described by Reinhoff is 
remarkably safe but, of course, is by no means ideal. 
583 





I. A. BIGGER —_ ¢ Surgery 


SUMMARY OF OUR CASES 

From 1941 to 1948, we had operated upon 11 infants with congenital atresia 
of the esophagus with tracheo-esophageal fistula. In four of them, the fistula 
was closed and the esophageal segments were anastomosed. <A gastrostomy 
was done for temporary feeding. Two recovered from the operation, but rm 
both cases there was severe infection and leakage from the suture line. One 
infant recovered and is developing satisfactorily, but has an esophageal stric- 
ture which requires occasional dilatation. The other child developed a tight 
stricture and a recurrent fistula between the trachea and esophagus. A sec- 
ondary operation was performed when the child was about seven months of age, 
All of the mediastinal structures were encased in dense scar, but the fistula was 
closed and the esophagus sutured. The child’s condition was satisfactory for 
the first two days, but leakage then occurred at the suture line, the drainage 
tube became obstructed and the child died from a tension pneumothorax. 

One child developed very marked edema of the entire body, including the 
larynx. An emergency tracheotomy was done, and following this there was 
progressive improvement for several weeks. At the end of six weeks the child 
seemed ready to leave the hospital and the parents were so notified. That night 
she was found dead in her crib. Autopsy was not permitted. 

The fourth child died on the fourth postoperative day from a severe infec- 
tion in the mediastinum. 

In three cases the fistula was closed and end-to-end suture done. A tube 
was passed through the anastomosis into the stomach and left in place for 
temporary feeding. Gastrostomy was not done. One of these infants died 
shortly after being returned to the ward, apparently from shock. Both of the 
others developed severe infection in the mediastinum, leakage at the suture line 
and recurrent fistulas; one died on the fifth day and the other on the eighth 
postoperative day. 

In three other children, the fistula was closed, but they were in such poor 
general condition, anastomosis was not attempted. The segments were tacked 
together in the hope that anastomosis would be possible at a later date. Both 
had gastrostomy for temporary feeding. All died within a few days. Two 
had widespread bronchopneumonia; one of these also had infection in the 
mediastinum. The third had a perforation of the distal esophageal segment, 
probably due to some injury at the time of operation. 

The eleventh case showed only a small amount of air in the stomach and 
intestines, and at operation the lumen of the distal segment was so small it 
could not be used for anastomosis so the fistula was closed, and cervical 


esophagostomy and gastrostomy were done. The child died the following day, 


and autopsy was not permitted. 

Of the 11 patients in this group, 8 died during the early postoperative 
period, 1 from shock, 2 from pneumonia and 4 from mediastinal infection. One 
child died 24 hours after operation, with cause of death undetermined. One 
infant died several weeks after operation at a time when it appeared to be 


making altogether satisfactory progress, with cause of death undetermined. 


584 





























Volume 129 CONGENITAL ATRESIA OF THE ESOPHAGUS 


Number 


Two survived the primary operation, but one of these died following closure 
of a recurrent fistula. Only one of the eleven is now alive and well. 

During the past year we have operated upon seven infants with congenital 
atresia of the esophagus and with tracheo-esophageal fistula. In all seven, gas- 
trostomy was done one or two days preliminary to thoracotomy, and the 
gastrostomy tube was used to deflate the stomach and intestines. Because of 
this there was decided improvement in the ease of administration of the anes- 
thetic, and in every instance the infant left the operating room in good condi- 
tion. In five of them the esophageal segments were of sufficient length to permit 
satisfactory anastomosis. In four the distal segment was telescoped into the 
proximal segment and fixed with two rows of fine silk sutures. In one of them 
there was very slight leakage from the suture line for a few days. The leakage 
apparently developed about one week after operation and there was no evidence 
of infection. 

In the other case a simple end-to-end suture was done, because the seg- 
ments did not appear to be long enough to permit invagination or telescoping 
of the ends. 

The only complications of importance occurred in three infants in whom 
the gastrostomy tube was passed through the pylorus and around into the 


jejunum. (Fig. 10.) 


COMMENT 

In each instance the pylorus was normal at the time the gastrostomy tube 
was inserted. Leven*- has had two instances of hypertrophic pyloric stenosis 
in male infants operated upon for esophageal atresia and Swenson has had one 
such case. Foster and Shaw found hypertrophic pyloric stenosis at postmortem 
examination on an eight-day-old male infant, which died from an untreated 
atresia of the esophagus with tracheal fistula. However, there is no evidence 
to suggest that the two lesions are often associated. 

Two of the infants operated upon during 1948 had short proximal 
esophageal segments and in both of them the distal segment joined the trachea 
at the carina. It was therefore not possible to anastomose the esophagus in 
either case. The fistula was closed and a cervical esophagostomy was done. Both 
made uneventful recoveries. Nine months later a modified Reinhoff operation 
was done in one of them. The old gastrostomy incision was excised and the 
gastrostomy was closed. The incision was extended upwards in the midline 
to the lower anterior chest wall. The xiphoid process was excised and the 
diaphragm split back for about 3 cm. The gastrohepatic and gastrocolic omenta 
were divided at a sufficient distance from the stomach to avoid injury to the 
collateral vascular loops, and the main stem of the left gastric artery was divided 
between silk ligatures. The esophageal hiatus was then enlarged, the esophagus 
liberated above the cardia, doubly ligated and divided, and the distal stump 
inverted into the stomach with mattress sutures of silk. A subcutaneous tunnel 
was established from the upper end of the abdominal incision to the level of the 
cervical esophageal stoma, where an end-to-side anastomosis was made between 
the cervical esophagus and the fundus of the stomach. The child made an excel- 
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lent recovery, except for the development of a fistula at the site of anastomosis 
which has not yet closed. 
The second child was operated upon only three weeks ago and will not 


have the esophagogastrostomy done for several months. 


COMMENT 

Had the low junction between the distal esophagus and the trachea been 
demonstrated preoperatively in these two cases, we probably would have made 
a left transpleural approach. With such an approach the stomach could have 
been transplanted into the thorax for primary anastomosis with the proximal 
segment of the esophagus, or the esophageal hiatus could have been enlarged. 
the left gastric artery divided and an attempt made to elevate the cardia suffi- 
ciently to permit primary esophageal anastomosis. 

Of the seven infants with congenital atresia of the esophagus and tracheo- 
esophageal fistula operated upon during 1948, five had direct esophageal 
anastomoses. Four healed without incident; one developed a transient fistula, 
The other two infants showed such wide separation of the esophageal segments 
that direct anastomosis was not possible and since the right extrapleural 
approach had been made, multiple-stage procedures were resorted to. 


SUMMARY 

Complete anatomic diagnosis is necessary in infants with congenital atresia 
of the esophagus, otherwise the treatment cannot be intelligently planned and 
executed. 

Methods are discussed by which complete diagnosis may be made. 

A plan of management is outlined, including certain details of operative 
technic, under which satisfactory results have been obtained in a small group 
of infants with congenital atresia of the esophagus and _ tracheo-esophageal 
fistula. Certain changes are suggested. 

Eleven infants were operated upon prior to the adoption of our present 
plan of management. Only two of the 11 survived and one of these two died at 
seven months of age following an operation for the repair of a recurrent 
tracheo-esophageal fistula. 

Seven infants operated upon during 1948 have all recovered. There are 
no doubt a number of factors responsible for the decided improvement in the 
results obtained in this latter group. The use of both penicillin and strepto- 
mycin for the prevention and control of infection has unquestionably heen of 
primary importance. 

It is believed, however, that certain other measures, especially the use of 
gastrostomy as a means of deflating the stomach and intestines before and 
during the intrathoracic operation, have been of some importance. 
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ESOPHAGEAL RESECTION WITH END-TO-END ANASTOMOSIs: 
EXPERIMENTAL AND CLINICAL OBSERVATIONS*} 


Epwarp F. Parker, M.D., 
AND 
WituraM S. Brockinecton, M.D. 


CuHarteston, S. C. 


THE PURPOSE OF THIS PAPER is to present our experimental observations 
on partial resection of the thoracic esophagus with restoration of continuity by 
end-to-end anastomosis and to describe its application in two cases of inop- 
erable carcinoma of the esophagus in an attempt to restore the ability 
to swallow. 


Because of the magnitude of esophagogastric anastomosis with transposi- 


tion of the stomach into the thorax or neck, it occurred to us that restoration 
of the act of swallowing might be accomplished by such a lesser operation in 
those cases of carcinoma of the esophagus in which the primary tumor is 
resectable but in which it is impossible to eradicate all the carcinoma because 
of adjacent or distant spread. If the ability to swallow could be restored by 
such an operation, the superiority of this technic over roentgenotherapy or 
dilatations of the esophagus or gastrostomy, as other methods of palliation, 
would be readily apparent. 

\ conversation with Swenson about 10 months ago encouraged us in our 
efforts in this direction, for he stated that he thought the prevalent ideas 
regarding the vulnerability of the esophagus were not true and added that he 
had been able to perform in experimental animals resections of large portions of 
the thoracic esophagus with end-to-end anastomosis followed by recovery. 

Swenson and Clatworthy! performed in 1947 experiments similar to those 
we were attempting and had also treated successfully a case of benign stricture 
of the esophagus by resection of the stricture with end-to-end anastomosis. 
And since then, another case of successful resection of an esophageal stricture 
with end-to-end anastomosis has been reported by Gross.- An account of our 


own experimental work follows. 


EXPERIMENTAL OBSERVATIONS 

Partial resection of the lower half of the thoracic esophagus with restoration 
of continuity by end-to-end anastomosis was performed on 21 dogs. The length 
of the esophagus resected varied from 4 cm. to 7 cm. The average length 
resected was 5 cm. Since the average length of the thoracic esophagus of the 
dogs used in this series was 15 cm., this represented a resection of approxi- 
mately 33 per cent. 

* From the Department of Surgery of the Medical College of the State of South 
Carolina 

+ Read before the Southern Surgical Association, White Sulphur Springs, W. Va., 
December 7, 1948. 
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The operations were done under intravenous Nembutal anesthesia, and 
atmospheric air under positive pressure was delivered in an intermittent flow 
through an endotracheal tube while the pleural cavity was open. They were 
performed through a left thoracotomy incision in 11 animals and through a 
right thoracotomy incision in 10 animals. The approach was posterolateral, 
entering the pleural cavity through the fifth or sixth interspace without rib 
section or resection. The ribs were spread slowly and widely. The lung was 
allowed to collapse. On exposure of the lateral surface of the esophagus, two 
silk sutures were placed a known distance apart, varying from 4 cm. to 7 cm., 
to indicate the exact length of the segment to be resected (Fig. 1). 

In 12 of the 21 animals, the entire thoracic esophagus was then dissected 
completely from its mediastinal bed from the level of the diaphragm to the 





Fic. 1 Fic. 2 lic. 3 


Fic. 1.—The lateral surface of the esophagus is exposed in the depth of the wound, 
after retraction of the right lung anteriorly. The upper silk suture has been placed. 
One of the vagus nerves is coursing downward from left to right. 

Fic. 2—After freeing the thoracic esophagus from the diaphragm to the clavicles, its 
lower half can be delivered easily up to the level of the rib cage. The length of the 
segment between the upper and the lower spaced sutures is explained by the great elas- 
ticity of the esophagus. 


Fic. 3—The proximal and distal ends of the esophagus, at the left and right respec- 
tively, have retracted and are held in the tape ligatures. The excised segment, showing 
the spaced sutures, has shrunk slightly. 


level of the clavicles (Fig. 2). The marked segment of the esophagus was 
then resected after the application of heavy tape ligatures proximally and 
distally to prevent the escape of any esophageal contents into the mediastinum 
(Fig. 3). After resection of the segment, traction was applied to the tapes to 
approximate the proximal and distal ends of the esophagus and the ends of 
the tapes were grasped in forceps to maintain the approximation. The ends of 
the esophagus were then anastomosed with a double layer of interrupted 
cotton sutures. Approximately 18 sutures were placed in each hemicircum- 
ference of the mucosa (Fig. 4). In general, the knots were tied on the outside. 
No attempt was made to invert or evert the edges of the mucosa. They were 
merely approximated. Following suture of the mucosa, the edges of the mus- 
cularis were approximated. Approximately half as many sutures were used 
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in this layer. No attempt was made to suture the muscularis layer leak- 
proof (Fig. 5). 

Following the anastomosis, the tape ligatures were removed. During the 
procedure, injury to the vagus nerves was avoided as much as possible. No 
attempt was made to close the mediastinum. The pleural cavity was not 
drained. The lung was expanded. The thoracotomy wound was closed jn 
layers with interrupted cotton sutures. Following operation, thoracentesis 
was performed on the operative side to remove any residual trapped air. 

In nine of the 21 animals, the technic was the same except that the 
esophagus was not freed from the surrounding tissues beyond that portion 
which was to be resected. 

In only two of the 21 animals was there considered to be a significant 
degree of tension on the sutures after anastomosis. In 17 of the 21, the dia- 





Fic. 4 FIG. 5 


Fic: 4—The ends of the esophagus are shown approximated by traction on and 
fixation of the tape ligatures. The posterior layer of mucosal sutures has been placed. 
The posterior layer of sutures in the muscular layer are placed after rotation of the 
esophagus. 


Fic. 5.—The completed anastomosis. After removal of the tape ligatures, the esoph- 
agus still has great mobility and is not stretched taut 


phragm was not paralyzed. In the two cases mentioned above, and in two 
others, all four in the group in which only the segment of the esophagus to be 
resected was freed, the phrenic nerve was crushed on the side of the operation 
(three left and one right). 

In the group of nine animals in which only the segment of esophagus to be 
resected was completely isolated, it was necessary to sacrifice two or three 
recognizable arteries. In the other group of 12 animals in which the entire 
thoracic esophagus was freed from its bed, as many as seven arteries were 
sacrificed. Even in this latter group, it is noteworthy that bleeding occurred 
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frequently from the suture line after completion of the anastomosis and 
removal of the tape ligatures. 

The results of the operations are classified in two ways and are as follows: 

Among 11 dogs in which the resection was done through the left side, 
seven survived and four died. 

In 10 dogs in which the resection was carried out on the right side, seven 
survived and three died. 

Of 12 dogs in which the esophagus was completely freed from its bed in 
the mediastinum, eight survived and four died. 


Dog # /9 
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Fic. 6.—The wide epithelialized scar and the serrations of the edges of the proximal and 
distal normal mucosae are shown. There is a rim of gastric mucosa at the left. 


In nine dogs in which only the segment to be resected was freed from its 
bed in the mediastinum, six survived and three died. 

Thus, the average mortality rate for both the side of operation and the 
technic of operation was approximately 33 per cent. 

In view of the high mortality, it must be noted that no therapy of any kind 
was given preoperatively or postoperatively, except that food and water were 
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withheld for seven hours before operation. In particular, no attempt was made 
to carry out replacement of any fluid or blood loss and no chemotherapy or 
antibiotic therapy was given at any time. Following operation, the animals 
were given access to water through the third postoperative day. Beginning on 
the fourth postoperative day, they were given the regular kennel rations. 

In six of the seven animals that died following the operation, death occurred 
between the second and the tenth postoperative day. The average duration of 
life was four days. The cause of death in the six animals was bilateral 
empyema due to esophagopleural fistula resulting from failure to heal; the 
cause of this failure could not be ascertained. Certainly in some, tension on the 
suture line may have been a factor. In two of the six, there were one or more 
leaks through the suture line. In the other four, there was complete disruption 
of the suture line, with separation of the proximal and distal ends of the 
esophagus for distances varying from 1 to 3 cm. In five of the six animals, 
the blood supply in both ends of the esophagus appeared to be intact. In the 
other one, the distal end of the esophagus was viable, but the proximal end 
showed necrosis for the terminal 1.5 cm. The seventh dog that died following 
the operation died on the 30th postoperative day. At autopsy, except for 
extreme malnutrition, there was no apparent cause of death. The suture line 
was intact and there was no stricture. It is significant that in only one of the 
seven animals to die, and of the entire series of 21, was there any evidence of 
interference with the blood supply to the ends of the esophagus. 

The surviving 14 animals were sacrificed at intervals of from two weeks 
to eight months following operation. All but one were in a good to excellent 
state of nutrition. Both pleural cavities were entirely normal except that, in 
about half the animals, the lung was adherent to the thoracotomy scar, and ina 
few, it was also adherent to the region of the anastomosis. There was moderate 
fibrosis in the mediastinum in only four of the animals. The esophagus, on 
gross examination, was essentially normal externally in all except four animals, 
in which there was slight dilatation above the level of the anastomosis. In the 
others, the site of scar was difficult to recognize. The vagus nerves were 
scarred and were adherent to the region of the anastomosis in all specimens. 
There was no instance of gastric dilatation. On opening the esophagus, we 
found that the level of the anastomotic scar above the cardia varied from 
2 to 6 cm., the average being 3 cm. In four of the specimens, the scar was 
about 1 cm. in width. In these four, serrations could be seen in the edges of 
the normal mucosa where the sutures had cut through the mucosa, apparently 
as a result of tension on the suture line with stretching of the scar (Fig. 6). 
Except for the scar, the mucosal surfaces appeared normal (Fig. 7) in all 
except one specimen. In only one of the 14 specimens was there a slight stric- 
ture at the site of the scar (Fig. 8). This occurred in one of the four specimens 
showing proximal dilatation. The specimen of the one animal in a very poor 
nutritional state showed a total esophagitis with several small ulcerations. 

The length of the segment of the esophagus resected did not appear to bear 


any relation to recovery or death. There appeared to be no relationship between 
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the length of the resected segment and the width of the anastomotic scar. Also, 
there appeared to be no relationship between the width of the anastomotic 
scar and the extent of the dissection of the esophagus prior to resection and 


anastomosIs. 
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Fic. 7.—Photograph of a fresh specimen showing the typical appearance of the 


esophagus in the sacrificed animals. While more apparent in the gross, the anastomotic 


scar barely shows. Gastric mucosa is on the left. 
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Fig, & he photograph of the specimen presenting a slight stricture due to the anasto- 


motic scar. The gastric mucosa is on the left. 


Therefore, it may be said that in the dog, resection of from 30 to 35 per cent 
of the total length of the thoracic esophagus can be accomplished successfully 
ina high percentage of cases without any adjunctive therapy whatsoever. Since 
our experiments were done wholly on the lower half, further investigation 
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would be needed to determine the applicability of our findings to the upper 
thoracic esophagus and to the cervical esophagus. 


CLINICAL OBSERVATIONS 


Case Report (Roper Hospital No. 65241).—L. G. W., a Negro male, age 45 years, 
was admitted on February 16, 1948. The history was given by his wife. Nine years before 
his admission, he had noticed a sensation of a “lump in his chest” substernally. This 
persisted without change for the next eight years. One year prior to admission he began 


to have progressively increasing dysphagia due to a sense of obstruction. Two months 





Fic. 9. (Case 1) Photograph of the pa Fic. 10. (Case 1) Photograph of 
tient supported by an attendant, on the day the initial esophagogram, demonstrat- 
following admission. ing the filling defect in the lower third 


and the small esophageal hiatus hernia. 


before admission he started regurgitating his food. Three weeks before admission he 
became bedridden and unable to swallow even water. During the three weeks before 
admission, he had had no form of nourishment and no bowel movement 

The past history was noncontributory. 

On physical examination the patient’s temperature was 97.4° F., pulse 96, and 
respiration 24. The blood pressure was 40/o. He was moribund and extremely emaciated 
(Fig. 9). There was no cervical lymphadenopathy. The trachea was in the midline. The 
heart and lungs were normal. The liver was not palpable. The remainder of the exam- 
ination was noncontributory. 

Red blood count 7,030,000. Hemoglobin 18 Gm. White blood count 12,500. Differ- 
ential normal. Urinalysis normal. Total serum proteins 9.01 Gm. per cent. Serum 
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albumin 6.07 Gm. per cent. Serum globulin 2.94 Gm. per cent. Blood Wassermann and 
Kline negative. 

Roentgenograms ot the chest were normal. Roentgen examination of the esophagus, 
using barium, showed a constriction in the lower thoracic portion (Fig. 10). There was 
moderate dilatation of the esophagus proximally. Most of the barium was regurgitated 
but a small amount entered the stomach, during the examination of which a small 
esophageal hiatus hernia was found 

Upon admission, the patient was started on intravenous fluid, electrolyte, amino 
acid, vitamin, and whole-blood therapy. His condition improved slowly so that by the 
sixth day after admission he had become normally alert and the blood pressure had risen 
slowly to 110/78. 

On February 23, 1948, a jejunostomy was performed under local anesthesia. At 
operation, there was no evidence of intra-abdominal metastasis. Feedings by jejunostomy 
were begun the day after operation, at which time intravenous therapy was anal 
Improvement in the state of his nutrition followed and he began to have normal bowe 
movements. His weight was 109 pounds, which represented a gain over the weight on 
admission 

On March 2, 1948, esophagoscopy was performed under sodium-pentothal anesthesia. 
An obstructing, granular lesion was found 36 cm. beyond the alveolar margin. A biopsy 
showed epidermoid carcinoma (grade I—Broders), and confirmed the clinical diagnosis. 

His general appearance and strength continued to improve until March 8, 1948, 
although on this date his weight was only 100 pounds. 

Operation. On March 9, 1948, under nitrous-oxide induction and endotracheal ether 
anesthesia supplemented with curare, a left posterolateral thoracotomy was performed and 
the pleural cavity was entered in the seventh interspace without rib section or resection. 
The ribs were spread slowly and widely. The pleurae were normal and the lung was 
allowed to collapse. Excessive turbid brown fluid in the pleural cavity was aspirated. 
The inferior pulmonary ligament was markedly indurated but grossly it did not contain 
tumor. The lower esophagus was exposed. About 10 cm. above the diaphragm a tumor 
mass was found in the esophagus. There was apparent invasion by the tumor of the 
pericardium anteriorly, of the pleura and lung to the right, and of the adventitia of the 
aorta to the left. The tumor involved a segment of the esophagus 6 cm. in length. The 
segment of the esophagus containing the tumor and the adjacent adventitia of the aorta 
were dissected free from all surrounding tissues, leaving residual carcinoma in the 
pericardium and in the right pleura and lung. 

In view of the fact that a curative resection could not be performed, it was decided 
to resect the segment of esophagus containing the tumor and to do an end-to-end anasto- 
mosis. Accordingly, the entire esophagus was dissected free, from the diaphragm well 
up into the neck. An incidental esophageal hiatus hernia was found, through which the 
stomach projected for a distance of about 4 cm. above the diaphragm. The 6-cm. segment 
of esophagus was resected. Anastomosis was effected without undue tension, the 
surgeon using separate layers of interrupted silk sutures in the mucosa and in the muscu- 
laris. The muscularis of the proximal end was badly torn in the dissection of the esoph- 
agus and its suture was tedious. 

Upon completion of the anastomosis, a band of tissue at the esophageal hiatus extend- 
ing from the diaphragm to the stomach was divided, allowing the stomach to herniate 
into the chest for an additional 1 cm. The left phrenic nerve was crushed at its reflection 
from the pericardium onto the diaphragm. Several small mediastinal lymph nodes were 
removed for examination. A transnasal Levine tube was passed down the esophagus 
into the stomach. An internal intercostal nerve injection using a 1 per cent Novocaine 
solution was made in the second through the tenth nerves. Catheters were brought out 
of the pleural cavity in the second interspace anteriorly and in the eighth interspace 
in the posterior axillary line for postoperative closed drainage of the pleural cavity. 
One hundred cc. of saline containing 100,000 units of penicillin were instilled into the 
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pleural cavity. The left lung was re-expanded. The wound was closed in layers without 
drainage with interrupted silk sutures throughout 

Bronchoscopy was performed following the operation to empty the tracheal- 

bronchial tree of any discharge. Transfusions totaling 1,500 cc. of blood were 

during t 


given 
he operation. The operating time was approximately four hours. The patient's 
condition was satisfactory throughout. 

Pathologic examination of the segment of esophagus excised (Fig. 11) showed 
epidermoid carcinoma (grade II—Broders) with lymphatic invasion and extensiy 
penetration of the muscular layer. The mediastinal lymph nodes were normal 

Postoperative Course. The patient’s recov- 
ery was uneventful. Immediately following op 
eration both intercostal catheters were allowed 
to drain under water. The temperature rose to 
a peak of 100.4° F. on the first day following 
the operation. It returned to normal on the 
third postoperative day and remained so through 
out the rest of the patient’s hospital stay. The 
anterior and posterior intercostal catheters were 





‘tat ls tet als HM "ol. 








Fig. 11. (Case 1) Photograph of the ulcer- Fic. 12. (Case 1) Esophagogram 
ated mucosal surface of the excised segment of in June, 1948, shortly after the return 
esophagus. The rims of normal mucosa (at top of dysphagia, showing a filling defect 
and bottom) above and below the tumor are not below the level of the arrow, due to 
wide. Also shown is one of the mediastinal recurrence of tumor. 


lymph nodes 


removed on the second and fifth postoperative days respectively. There was moderate 
sanguineous discharge from both catheters. The thoracotomy wound healed per primam. 
The transnasal Levine tube was removed on the third postoperative day, the stomach hav- 
ing been kept empty by suction through the tube until this time. Also on the third postop- 
erative day, intravenous therapy was discontinued and jejunostomy feedings were resumed. 
On the fifth postoperative day, the patient became ambulatory and remained so thereafter. 
Penicillin therapy, begun 24 hours prior to operation, was discontinued on the eighth postop- 
erative day. For the first five postoperative days the patient was given injections of 100,000 
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units, and from the fifth through the eighth days, 50,000 units, each injection intramuscu- 
larly at three-hour intervals. Roentgenograms of the chest on the tenth postoperative day 
were normal 

On the fourth postoperative day the patient was allowed to have water by mouth and 
his swallowing was normal. Later it was learned that he had been eating without 
difficulty roasted peanuts brought to him by his wife since the day following operation. 
After taking water by mouth without difficulty, his diet was increased gradually. The 
iejunostomy feedings were continued throughout the postoperative period, but on dis 
charge he was able to eat a soft diet and ground meat without any difficulty. He was 


harged from the hospital on the 13th postoperative day. He refused to have roentgen 


dist 
examination of the esophagus prior to his discharge 

On April 13, 1948, his general appearance was excellent. His weight was 127 
pounds. He ate slowly, but he could eat meat, rice, and peanuts in particular, and any- 
thing else desired. He had discontinued the use of the jejunostomy the week before 
and the wound was healed. He had not returned to work but planned to do so soon. 
A barium swallow showed no delay in the passage of barium into the stomach. However, 
there was again a filling defect of the esophagus in its lower third. 

He was readmitted to the hospital for study on June 29, 1948. In the previous week 
or two he had begun to have some dysphagia. The physical examination was not remark- 
able. His weight was 124 pounds. The routine blood studies and urinalysis were normal. 
Roentgenograms of the chest were normal. Esophagoscopy was performed under pento- 
thal anesthesia. At the 36-cm. level, approximately at the site of anastomosis, the 
esophagus was narrowed by ulceration. The scope could not be passed through the area 
of narrowing. A biopsy was taken and showed epidermoid carcinoma of the esophagus. 
This proved that there was a local recurrence of the tumor. Also, esophagograms using 
iodized oil as the contrast medium were made. These showed an area of marked irreg- 
ularity and constriction in the lower thoracic portion (Fig. 12). 

Thereafter, the patient had progressively increasing dysphagia and loss in weight 
and strength. He was admitted to the hospital for terminal care for a few days before his 
death on November 24, 1948. Autopsy confirmed again the diagnosis of carcinoma of 
the esophagus 

Case Report (Roper Hospital No. 65065). R. L. C., a white female, age 46 years, 
was admitted on March 11, 1948. Progressively increasing dysphagia began in September, 
1947. By Christmas, 1947, she was at times unable to swallow even liquids and regurgi- 
tation was frequent. She lost 44 pounds in weight. Since June, 1947, she had also a 
frequent, dry cough and some change in her voice. She had no pain at any time. 

In 1940 she had a radical mastectomy on the left side for carcinoma of the breast 
without axillary or other known metastasis. Otherwise her past history was noncon- 
tributory 


On physical examination she did not appear sick. There was evidence of weight loss. 


The voice was hoarse. There was a large scar in the left pectoral and axillary regions. 
There was no evidence of local recurrence of the tumor of the breast. In direct laryngo- 
scopic examination revealed a paralysis of the right vocal cord. Otherwise the physical 
examination was essentially normal. 


The routine blood and urine studies and the serum protein determinations were normal. 

Roentgenograms of the chest showed an increase in the pulmonary markings in the 
bases (Fig. 13). Roentgen examination of the esophagus with barium indicated marked 
obstruction in the upper portion of the thoracic esophagus (Fig. 14). 

On esophagoscopy under local anesthesia, there was a marked stricture of the 
esophagus 23 cm. beyond the alveolar margin, without apparent alteration of the mucosa. 
\ biopsy showed normal mucosa. 

he initial diagnosis was primary carcinoma of the esophagus, or secondary carci- 
noma of the esophagus metastatic from the breast. Exploratory thoracotomy was advised 
and preoperative therapy begun. 
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Operation. On March 22, 1948, under endotracheal ether anesthesia, a right postero- 
lateral thoracotomy was performed through the fifth interspace without rib section or 
resection. The ribs were spread. The entire superior mediastinum was exposed by 
extrapleural dissection. In doing so, a small hole was torn in the parietal pleura and 
pneumothorax ensued. There was an apparent tumor mass in the esophagus just beneath 
and above the azygos vein. The tumor invaded the posterior wall of the vein. The 
segment of the esophagus containing the tumor was about 3 cm. long. After division of 
the azygos vein and its tributaries between ligatures, the tumor was partly exposed. The 
tumor apparently invaded also the posterior wall of the trachea. After tedious dissection, 
it was entirely freed from the surrounding tissues. The entire posterior mediastinum 
was thickened, suggestive of tumor or fibrosis. The right subclavian artery seemed to 
be surrounded by tumor as it emerged from about the trachea. A biopsy was shaved from 
the posterior wall of the trachea just above the carina without opening its lumen. A 
frozen section of this showed carcinoma. 





Fic. 13 FIG. 14 


Fic. 13. (Case 2) Roentgenogram of chest on patient’s admission to the hospital, showing 
the abnormality in the base of the right lung 
Fic. 14. (Case 2) The initial esophagogram, showing a filling defect opposite the arrow. 


In view of the fact that the biopsy of the trachea showed tumor and that grossly 
there appeared to be certain tumor in the remainder of the mediastinum which could 
not be eradicated, it was decided to perform a resection of the esophagus containing the 
tumor and to restore the continuity by end-to-end anastomosis. Accordingly, the entire 
esophagus was then freed by finger dissection from the diaphragm well up into the neck. 
A section of the esophagus about 4 cm. in length containing the tumor was excised. It 
was then noted that in the mucosa of the proximal esophagus there were two nodules. A 
biopsy of one of these was obtained and showed no carcinoma. End-to-end anastomosis 
between the ends of the esophagus was performed with an inner layer of interrupted silk 
sutures in the mucosa and an outer layer in the muscularis. The right diaphragm was 
paralyzed inadvertently by injury to the phrenic nerve. A drain was placed in the extra- 
pleural space and brought out through a stab wound below the level of the incision. 
The right lung was re-expanded. The wound was closed in layers with interrupted 
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silk sutures. Bronchoscopy was performed following operation to empty the tracheal- 
bronchial tree of any discharge. The trachea was normal. Blood transfusions totaling 
r.so0 cc. were given during operation. The operation was of five hours’ duration. The 
natient’s condition throughout was satisfactory. 
Pathologic examination of the resected portion of the esophagus showed extensive 
infiltration of the wall of the esophagus by malignant tumor with only a small area of 
‘nvolvement of the mucosa (Fig. 15). The tumor was epithelial in type, having definite 
elandular tendencies quite comparable to the carcinoma of the breast removed in 1940. 
The original breast sections were available for comparison , 
Postoperative course. The woman's recovery was characterized by transient gen- 


lived edema, by dyspnea and cyanosis, evidence of bilateral bronchopneumonia and a 
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Fr 5. (Case 2) The mucosal surface Fic. 16. (Case 2) The esophagogram 
f the excised segment of esophagus, con three weeks following operation shows mod- 
taining metastatic carcinoma. The mar- erate extravasation of barium at the level 
gins of normal mucosa above and below of anastomosis. 
the tun ire on the right and left. 
Irequent 


ugh only partly effective. She was given oxygen therapy. Gradually, improve- 
rred and the lungs became clear. However, a low-grade fever persisted. The 
d healed per primam. 


was allowed water by mouth on the sixth postoperative day and had no difficulty 


In swallowing 


ig. On the seventh postoperative day she became ambulatory and was able 
to drink with ease over 2,000 cc. of water. Thereafter, she was given a soft diet and 
intravenous therapy was discontinued 


On the eleventh postoperative day, roentgen examination of the esophagus with 


barium was made. The esophagus at the level of the anastomosis was grossly irregular but 
} 


showed no obstruction. However, there was moderate extravasation of barium outside its 


lumen at this level. Therefore, the patient was placed on nothing by mouth again and 


parenteral therapy was resumed until a gastrostomy was performed on April 5, 1948. 
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Gastrostomy feedings were begun the next day. Repetition of the roentgen examination 
of the esophagus with barium on April 13, 1948, showed essentially the same 
(Fig. 16) 

For the week prior to April 14, 1948, the patient was afebrile, so penicillin, 
preoperatively and postoperatively, was discontinued. But at this time, she 


have chills and fever and to vomit. A persistent cough became productive of pure yellow 


findings 


given 
be fan to 


pus. There developed evidence suggestive of a lung abscess on the right. On April 17, 
1948, she expectorated a silk suture in the sputum. A fistula between the esophagus and 
the trachea was suspected. On April 20, 1948, bronchoscopy was performed. There was 


an obvious perforation in the lower end of the trachea. The perforation was about 


ut 4 mm 
in diameter. Its edges were reddened and elevated. Following bronchoscopy, esophago- 
grams were made with iodized oil, and the oil passed rapidly into the trachea and bronchi 


at the level of the esophageal anastomosis (Fig. 17). 





Fic. 1 


7 Fic Is 
Fic. 17. (Case 2) Lipiodol in the left lung is shown, following the injection of the 
esophagus through an upper and a lower transgastric catheter 
Fic. 18. (Case 2) Esophagogram showing the upper esophagus filled with oil and the 
esophagus practically empty below the level of anastomosis. A larg 


amount of oil has 
escaped into the tracheobronchial tree. 


Operation. Because of the esophagotracheal fistula, a second thoracotomy was per 
formed on that day, April 20, 1948. Under endotracheal ether anesthesia, the same 
wound was reopened and the same extrapleural exposure obtained. There was no fluid in 
the extrapleural space. There was dense fibrosis or tumor throughout the mediastinum 
In the lower end of the trachea a perforation about 4 mm. in diameter was exposed. In 
trying to free the trachea, its posterior wall split open so that the perforation enlarged 
to a length of 2cm. The posterior wall of the trachea at this level was markedly inflamed 
and friable. A biopsy was obtained and was reported later as showing only inflammatory 
tissue and no tumor. The esophagus was covered with a dense layer of fibrous tissue 


and was not definitely seen. No defect in it was seen. There was no abscess cavity in 
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the mediastinum. The edges of the defect in the trachea were such that repair by suture 
was considered impossible. The defect was plugged with several oxidized gelatin sponges. 
Nothing further was done. The right lung was re-expanded. Closed drainage of the extra- 
pleural space was effected. The wound was closed. The patient’s condition was fairly 
satisfactory at the end of the operation, during which she was given 1,000 cc. of blood. 

Postoperative Course. It was expected that she would expire. But in spite of per 
sisting fever, phlebitis in the right leg, signs of bilateral pulmonary infection, continued 
vomiting, and loss of an additional 20 pounds in weight since admission to the hospital, 
she recovered on oxygen and penicillin therapy. The lungs cleared, the wound healed 
per primam and she became ambulatory again. It was believed that the tracheal com- 
ponent of the fistula was closed temporarily, but esophagograms made on May 3, 1948, 
showed even greater passage of the radiopaque oil in the trachea and bronchi (Fig. 18). 
Also there was a marked stricture at the site of the anastomosis 

On bronchoscopy five days later, the tracheal perforation was seen again. In view 
of the fact that at this time the patient was afebrile, that the lungs were clear again, and 
there was no chance of the fistula’s closing spontaneously, another thoracotomy for 
excision of the esophagus and a further attempt to close the trachea were advised. 

Operation. On May 10, 1948, the third thoracotomy was performed. Under the 
same anesthesia and through the same wound, the sixth interspace was entered. The 
superior mediastinum was exposed extrapleurally. The esophageal anastomosis was 
found to be partly disrupted, with a fistula penetrating into the trachea. The proximal 
and distal ends of the esophagus were excised. The stump of the proximal esophagus 
was delivered onto the skin of the neck. The stump of the distal esophagus was closed 
by inversion. The defect in the posterior wall of the trachea was now 2 cm. in diameter. 
\ free graft of parietal pleura was sutured into it, and the whole covered with a layer 
of oxidized gelatin. This stopped the exchange of air for the time being. Closed drainage 
of the extrapleural space was effected. The lung was re-expanded and the wound closed. 

On pathologic examination, the segments of the esophagus resected on either side 
of the anastomosis did not show residual carcinoma. 

Postoperative Course. The woman’s recovery was characterized by varying degrees 


lyspnea, cyanosis and wetness of the lungs. Air poured out of the intercostal catheters 


of « 
intermittently, indicating that the fistula in the trachea communicating with the extra- 
pleural space was open at intervals. On May 17, 1948, on turning toward the left side, 
suddenly she became markedly dyspneic and cyanotic and died apparently by drowning. 

\utopsy was performed. Incomplete expansion of the right lung was found with 
residual bloody fluid in the extra pleural space. This space communicated with a defect 
in the trachea which had failed to close, and it was apparent that the cause of death 
was drowning by the influx of the extrapleural fluid into the tracheobronchial tree. 
Gross examination of the body was not remarkable otherwise except for a marked acute 
inflammatory reaction in both lungs, confirmed by microscopic section. Microscopic 
sections of the trachea through the area of perforation showed extensive invasion of the 
wall by carcinoma. A small focus of metastatic carcinoma was also found in a mediastinal 
lymph node. In addition, the fibrofatty tissue in the superior mediastinum showed 
invasion by similar malignant tumor cells. 


DISCUSSION 


\lthough we have no direct proof, the experimental observations constitute 
indirect evidence that the arteries supplying the esophagus must have frequent 
anastomoses throughout the length of the thoracic esophagus. After complete 
severance of all arteries entering the esophagus from the thorax, the only 
known remaining sources of blood supply are the esophageal branches of the 
inferior thyroid entering the cervical portion and the branches of the left gastric 
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and phrenic entering the cardiac portion. Yet, in the 12 animals in which 
severance of the thoracic blood supply of the esophagus was effected, the 
remaining proximal and distal ends of the esophagus maintained their viability 
in all except one. 

The belief that frequent anastomoses between the esophageal arteries exist 
throughout the thoracic esophagus is further supported by unpublished obser- 
vations of the authors on the viability of the thoracic esophagus in a small 
series of dogs after complete severance of the thoracic blood supply without 
resection of an intervening segment. These experiments were undertaken 
before beginning the present study. The animals were sacrificed five days 
following operation. The esophagus, though ecchymotic, was viable through- 
out in each instance. 

Further observations in support ‘of the belief expressed above concern the 
viability of the esophagus after operations in which the blood supply, or at 
least a part of it, may be seriously impaired or disrupted. Such operations 
include those done to determine the operability of carcinoma or to repair 
esophageal hiatus hernia and congenital short esophagus, and esophagogas- 
trostomy for cardiospasm. In such operations, part of the esophagus may be 
freed widely without fear of complications due to inadequate blood supply. 

Since there was evidence of inadequate blood supply to the distal end of 
the proximal esophagus in only one animal in our series, it is difficult to 
explain the failure of healing of the anastomosis on the basis of arterial 
insufficiency. The presence of wide anastomotic scars, as in Figure 6, suggests 
that tension may be the more important factor in the majority of instances, 
even though this might not be apparent at the time of operation. However, it 
may be said that the great elasticity of the thoracic esophagus explains the 
lack of tension in most cases after resection of such lengths as are reported 
in this series. 


he esophagus that could be resected and followed 


The greatest length of t 
by restoration of continuity by means of end-to-end anastomosis in the dog 
without prohibitive mortality was not ascertained. 

Observations on the possible effects of complete disruption of the thoracic 
nerve supply on the function of the esophagus are not justified on the basis 
of this study. 

The clinical observations support the following beliefs: 

In the first case, sufficient margins of grossly normal esophagus on either 
side of the tumor were not excised because of fear of too great tension on the 
anastomosis. Considering the narrow margins, recurrence was not unexpected. 

In the second case, the presence of contiguous carcinoma of the trachea, 
with its perforation, may have been a factor in the failure of the anastomosis to 
heal. It suggests that perhaps the interposition of a pedicle flap of normal 
tissue would have increased the chance of success. It also suggests that the 
operation might have been performed with greater chance of success if it had 


been done because of distant metastasis rather than of invasion of immediately 


surrounding tissue. 
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SUMMARY 

1. Resection of approximately 33 per cent of the lower half of the thoracic 
esophagus, with restoration of continuity by end-to-end anastomosis, was 
performed on 21 dogs without the use of adjuctive therapy. 

2. The mortality in the dogs was approximately 33 per cent, regardless of 
the side of approach or of variations in technic. 

3. The cause of death in the majority of the seven animals that failed to 
survive was infection due to partial or complete disruption of the anastomosis. 
In only one animal was there evidence of lack of blood supply to the proximal 
and distal ends of the esophagus after complete separation and dislocation of 
the thoracic esophagus from its mediastinal bed. 

4. Among 14 animals surviving and sacrificed at intervals of from two 
weeks to eight months following operation, the esophagus was essentially 
normal in the majority. In only one was there a slight stricture at the site of 
the anastomotic scar. 

5. The application of the operation as a palliative procedure in two cases 
of inoperable carcinoma of the esophagus is described. 

6. In the first case, one of primary carcinoma of the lower thoracic 
esophagus, the operation was successful temporarily in that the ability to 
swallow was restored for a period of three months prior to recurrence. 

7. In the second case, one of secondary carcinoma of the upper thoracic 
esophagus, the operation was a failure due to partial disruption of the anasto- 
mosis and the development of an esophagotracheal fistula in the presence of 
contiguous carcinoma of the trachea. 

8. It is believed that the operation may have a place in the treatment of 
selected cases of inoperable carcinoma of the esophagus, as a method of pallia- 
tion superior to others in use at present. 
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Discussion.-Dr. Witt1AmM F. Riennorr, Jr., Baltimore: I have enjoyed Doctor 
Bigger’s presentation very much indeed, as I always do, and the subject of congenital 
atresia of the esophagus has been discussed by him in a most admirable way. 

There are a few points I would like to make, which really only emphasize what 
Doctor Bigger stated, some of which he, because of lack of time, could not discuss as 
fully as he perhaps would have wished. In the first place, I feel that congenital atresia of 
the esophagus constitutes an emergency of really major proportions and that the oper- 
ation to correct this condition should not be postponed any longer than absolutely 
necessary. We feel that preoperative gastrostomy is not indicated and actually may do 
harm in the great majority of these cases. Unquestionably, an end-to-end anastomosis 
between the superior and inferior portions of the esophagus with closure of the trachea or 
esophageal fistula, as described originally by Cameron Haight, is the operation of choice. 

However, in those cases in which there is absence of gas in the stomach or intestines, 
it would seem to indicate that there is either agenesis of the thoracic esophagus or an 


603 





PARKER AND BROCKINGTON \ Surger 


M ‘et 

hiatus between the two patent ends which would probably be too great to bring the ends 
together in order to perform an end-to-end anastomosis. In such cases it is necessary to 
do a cervical esophagostomy in order to prevent saliva from spilling from the blind end 
pouch into the lung thus causing death from pneumonitis. In two cases in which there was 
complete agenesis of the thoracic esophagus, one patient 5 and the other & days of age. it 
Was necessary to use the stomach by bringing the latter organ out of the abdominal] 


cavity, following which it was brought up over the chest wall in the subcutaneous ti 


ssue 
and anastomosed to the cervical esophagus above the clavicle \fter the st i Was 
brought up through the chest wall subcutaneously and cervical esophagostomy was done 
the blind end of the superior pouch, also placed subcutaneously in the neck, was joined to 
the cardiac end of the stomach just at the level of the clavicl Phe childres 


explored through the abdomen via a left subcostal incision. I was very mucl ur 


at the ease with which the stomach could be completely mobilized by cutting tl 





gastric and gastroepiploic vessels, together with the vasa breva. In a child so une tl 
stomach is much larger in proportion to the length of the chest than in any other 


1 1 


subsequently, and the gastric vessels are so small that there is no difhculty whatsoever in 


the control of hemorrhage. Each operation consumed an hour and, until one has pet 
formed this complete mobilization of the stomach, bringing it out through the left costal 
incision, one will not be impressed properly with the facility and ease with whi it cal 
be done. In both these cases it would have been impossible to establish the continuity ¢ 


the gastro-intestinal tract by any other method. I think any intrathoracic operation i1 
child that age would not have been successful. It was quite remarkable—and I discussed 
this problem with Doctor Blalock many months ago—that these very young children, 


only a few days old, do not seem to be subject to shock: at least in these two babies there 


was not the slightest evidence of shock at any time during or atte the meratiol These 
cases were reported in the Johns Hopkins Bulletin (Vol. 82, No. 4, April, 1048 

W it] reterence to Doctor Parker's paper, | enjoved this very n cl inde | | ha ¢ 
had three cases, one a lve stricture and two early operable carcinomas of the esophagus 


in which it was possible to resect the lower third of the esophagus by mobilizing the 
stomach very slightly, cutting the vagi in order to obtain more length and treeing the 
upper portion of the esophagus, after which an end-to-end anastomosis of the esophagus 
was performed. All three survived the operation well 

[ might add that in the event that the esophagus can be so resected, mobilized and 
sutured, the length of time of operation is very much reduced and, which means mucl 
more to me, the cardiac sphincter mechanism is maintained so that there is no regurgita- 
tion of gastric contents into the lower end of the esophagus with the possibility of pro 
ducing a peptic ulcer in the latter organ, or painful esophagitis. Undoubtedly, cutting th 
vagus nerves permits much more complete mobilization of the esophagus than has been 
generally recognized, and by enlarging slightly the normal esophageal hiatus, thus bringin 
the stomach up into the mediastinum for a short distance, it enabled me to easily approxi 
mate the cut ends of the esophagus in those instances in which at least four inches was 


resected. Of course. the stomach can be further freed by dividing the left gastric vessels 


if need be 


Dr. R. A. Dante. Nashville. Tenn.: Doctor Bigger has stressed the desi 


attempting to determine before operation the approximate length of the two seg 





and 
this is extremely desirable, because in a fairly large proportion of these patients there is a 
wide gap between the upper blind pouch and the lower segment which is frequently very 
delicate in its structure. I would like to point out that the lower segment is fixed—that 1s, 
in the common 3-B type—by its attachment to the trachea, whereas the upper segment 1s 
not fixed, and with straining or attempts at swallowing there is marked retraction upward 
of the upper segment. Therefore, if iodized oil is placed in the upper segment and an x-ra) 
film is made, one may get a false impression of the exact length of the upper segment 
I think it is desirable to examine these children under the fluoroscope with a catheter in 
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the upper segment. I think the idea of resecting a long segment of rib is a very good 
one. I have removed short segments of three, four or five ribs, and have had trouble 
with perforation of the pleura by the ends of these segments. An open pneumothorax is 
poorly tolerated and I am sure you all know that positive pressure anesthesia during the 


early part ot t 


1@ Operative procedure, before the fistula can be closed, is an undesirable 
thing in a child whose stomach is blown up like a balloon by means of positive pressure 
With regard to Doctor Parker’s paper, it seems to me that this work is important 
the treatment of short benign strictures of the esophagus. In carcinoma of the lower 
end of the esophagus we have carried out radical resection of the esophagus and mobili- 
ation of the stomach and esophagogastric anastomosis, in patients with widespread 
metastases, knowing the patients would ultimately die of carcinoma. I think the possible 
advantage of such a procedure, even though it is a larger operation and more lengthy, is 
that in our experience these patients have not suffered from dysphagia subsequent to 
operatiol 
Dr. I. A. Biccer, Richmond, Virginia (closing): I wish to thank Doctor Rienhoff 


and Doctor Daniel for their discussions. Doctor Daniel stated that positive pressure 


anesthesia during the preliminary stages of operation and up to the time the fistula is 
closed, will cause marked distention of the stomach and intestines. This we think is one 
f the decided advantages of preliminary gastrostomy, because if the gastrostomy tube is 
left open one can institute pressure anesthesia at the beginning of the operation, and the 
air whicl isses down the distal esophageal segment escapes through the gastrostomy 
tube and does not produce gastric and intestinal distention. 

[ think Doctor Rienhoff’s idea is an excellent one. This slide shows a child in whom 
we did a secondary procedure very similar to that described by Doctor Rienhoff. We 
had gone in extrapleurally on the right side, hoping to be able to do an anastomosis, but 
end-to-end suture was not possible, so we closed the fistula and implanted the proximal 
segment of the esophagus in the right side of the neck. A preliminary gastrostomy had 


been done. Nine months later we excised the gastrostomy opening in the abdominal wall, 


losed the opening in the stomach, and then transplanted the stomach under the skin of 
the anterior chest wall as recommended by Rienhoff. The esophagogastrostomy was done 
on the right side. I do not believe it makes any difference on which side this operation is 


performed. One other thing which we did may be of some advantage. We excised the 
xiphoid, incised the diaphragm for 3 or 4 centimeters, and implanted the distal portion of 
he stomach in the area between the costal arches and sutured the margins of the dia- 
his maneuver provides a good groove for the stomach and may make it 


possible to make an anastomosis under somewhat less tension 


his child had a fistula at the site of anastomosis which is not yet healed and 
apparently will require closure 
Dr. | nD F. Parker, Charleston, S. C. (closing): I would like to thank Doctor 
Rienhoff and Doctor Daniel for their discussions. We did not mean to imply that we would 
consider using local resection with end-to-end anastomosis as a curative procedure. 
Obviously the resection is too limited and it is intended to be only a resection of a primary 
tumor. We have to agree with Doctor Daniel, in our experience thus far, that it may be 
better to go ahead and do a procedure of greater magnitude. However, I would like to 


recall that whereas there was local recurrence in the first case because of inadequate 
resection of the segment, in the second case there was no evidence of persistence of 
carcinoma in the proximal or distal ends of the esophagus, on microscopic examination 


at autopsy 
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THE SURGICAL TREATMENT OF PULSION DIVERTICULA 
OF THE THORACIC ESOPHAGUS* 
Stuart W. Harrineton, M.D. 
Rocuester, MInNESOTA 
DIVISION OF SURGERY, MAYO CLINK 


PULSION DIVERTICULA of the esophagus are of unusual interest because of 
their indeterminate cause and infrequent occurrence; their fairly constant 
location in the lower third of the esophagus; the progressive character of their 
development and clinical symptoms, often simulating those of esophageal hiatal 
hernia; their frequent association with other conditions involving the lower 
part of the esophagus, such as spasm and esophageal hiatal hernia, and their 
treatment. Conservative treatment such as dietary measures and dilatation of 
the esophagus may be used when the diverticulum is small and causes minimal 
symptoms or is associated with spasm of the esophagus, but surgical inter- 
vention will be required if it progresses in size and causes retention of food or 
obstruction of the es yphagus. 

This paper is a report on a series of eight patients whom I have treated 
surgically. Seven were treated by transpleural excision of the diverticula and 
repair of the opening in the wall of the esophagus and one by invagination of 
the diverticulum and plication of the wall of the esophagus. 

Diverticula may occur in any part of the esophagus. They are of two 
general types: pulsion diverticula and traction diverticula. This classification 
into two types was made by Rokitansky' in 1840 and was based on their 
cause. A third type was described by Oekonomides? in 1882; he classified 
this type as a traction-pulsion diverticulum, which is a combination of the 
above-mentioned two types. 

Traction diverticula are due to the cicatricial contraction caused by an 
inflammatory process which involves the outer wall of the esophagus. They 
are usually caused by inflammatory disease of the lyfiiph nodes at the bifurca- 
tion of the trachea and the hilus of the lung, which become adherent to the 
wall of the esophagus. They are true diverticula, as their walls consist of all 
layers of the wall of the esophagus, and they are usually located in its middle 
third. They rarely produce clinical symptoms, and surgical treatment is not 
indicated unless complications arise such as perforation into the lung. 

Pulsion diverticula are caused by pressure within the esophagus and are 
not true diverticula but essentially herniations of the mucous membrane 
through the muscle layers of the esophagus. One theory of origin is that they 
are due to a congenital defect in the muscle wall of the esophagus. Although 
they may be of congenital origin, they rarely occur or produce symptoms until 
middle life. Mondiére® in 1833 discussed the pathogenesis of esophageal 











* Read before the Southern Surgical Association, White Sulphur Springs, W. Va., 
December 7, 1948. 
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diverticulum and related three possible theories of origin, which were: “First, 
4 hernia of the mucosa of the esophagus through a separation of the muscle 
fibers; second, the prolonged sojourn of heavy and small foreign bodies ; third, 
any obstacle whatever to deglutition.” Pulsion diverticula are most frequently 
located at the pharyngo-esophageal junction and extend through the muscle 
wall of the hypopharynx. In this location they are commonly termed 
“pharyngo-esoj yhageal diverticula.”” The next most common site of occurrence 
is in the lower third of the esophagus, where they are often called “supradia- 
phragmatic or epiphrenic esophageal diverticula” ; this latter term was intro- 
duced by Rosenthal* in 1902. Reeves” in 1855 introduced the term “‘esophago- 
cele” for this pulsion type of esophageal diverticulum. 

In my experience the relative infrequency of pulsion diverticula of the 
esophagus as compared with pharyngo-esophageal diverticula is exemplified 
by the fact that I have treated surgically 216 patients with pharyngo-esophageal 
diverticula during the same period that I have treated eight patients with 
pulsion diverticula. 

Pulsion diverticula of the esophagus usually occur through the right pos- 
terior wall of the esophagus, from 2 0 4 inches (7.5 to 10 cm.) from the 
cardia, and extend into the right thoracic cavity, although they may occasionally 
occur at a higher level in the esophagus and may occasionally extend into the 
left thoracic cavity. In the eight patients in this series, the opening of the 
diverticula was in the middle third of the left wall of the esophagus and 
extended into the left thoracic cavity in one case; it was in the left anterior 
wall of the lower third of the esophagus and extended into the left thoracic 
cavity in one case; and in the remaining six cases the openings of the diver- 
ticula were in the right posterolateral wall of the lower third of the esophagus 
and the diverticula extended into the right thoracic cavity. The frequency of 
the occurrence of these diverticula in the latter location suggests an embryonic 
origin due to a congenital defect in the wall of the esophagus at this location, 
although the fact that the average age of these patients was 52 years tends to 
refute this theory of origin. 

The youngest patient in this group was 42 years of age and the oldest 62 
years. Seven patients were men and one was a woman. 


SYMPTOMS 


The first accurate description of the clinical symptoms and anatomic find- 
ings in a case of diverticulum of the lower part of the esophagus was made 
by Deguise® in 1804. The following observation of the patient was quoted 
from his thesis: ‘“We were consulted in the case of M. P————, who, for 
more thar 


[5 years, experienced, after having eaten, a type of rumination 
which returned to the mouth a part of the food which he had taken; at last 
he was attacked by pains, very great difficulty in swallowing, and died in the 
greatest emaciation. At the opening of the corpse, on the lateral part of the 
esophagus a membranous sac was found which communicated with the lumen 
of the esophagus, in which foods were introduced, and which, by its form, its 
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direction, its distention, compressed the orifice of the stomach, and hindered 
the free entrance of food.” 

The symptoms of pulsion diverticulum of the esophagus progress with the 
increase in the size of the diverticulum and are often complicated by an 
assoctated spasm of the lower part of the esophagus. In four of the eight meee 
of this series, there was an associated spasm of the lower part of the esophagus, 
The early symptoms are usually those of food sticking in the throat, often 
associated with spasmodic, low substernal pain. As the diverticulum increases 
In size, it causes progressive dysphagia, choking attacks, regurgitation or 
vomiting of food soon after its ingestion or, at times, of food which was taken 
the day before and has been retained in the diverticulum. The sacculation may 
become of sufficient size to cause pressure on and distortion of the lumen of 
the lower part of the esophagus, resulting in obstruction and marked loss of 
weight. The retained food and secretions may cause pronounced inflammation 
and ulceration in the wall of the diverticulum, which may be followed by per- 
foration into the lung or mediastinum. 

The symptoms associated with these diverticula often simulate those pro- 
duced by the esophageal hiatal type of diaphragmatic hernia or those produced 
by a diverticulum of the cardial end of the stomach. The differentiation can 
rarely be definitely made clinically but it can usually be made by the roentgen- 
ologic and esophagoscopic examination of the esophagus and cardial end of 
the stomach. Reitzenstein‘ in 1898 is credited with the first roentgenographic 
confirmation of the diagnosis of esophageal diverticulum. 

Roentgenographic and esophagoscopic examinations are very important, 
not only in establishing the clinical diagnosis of the presence of a diverticulum 
but also in determining the presence of other associated conditions such as 
spasm of the lower part of the esophagus, an organic obstruction of the lower 
part of the esophagus that results from the presence of a tumor or stricture, 
or an esophageal hiatal hernia which may require treatment. In six of the 
eight cases of this series there was an associated small esophageal hiatal hernia. 
Only one of these six hiatal hernias was repaired surgically. 

In one case of this series of esophageal diverticula, the lesion was reported 
both on roentgenoscopic and esophagoscopic examination as an esophageal 
hiatal hernia. This was due to the large size of the opening as well as to the 
large size of the diverticulum, which was less than 3 inches (7.5 cm.) from the 
cardia ; the lumen of the esophagus below the opening was very small. There 
was an associated small hiatal hernia which was repaired first and the divertic- 
ulum was operated upon later. In one other case at the first roentgenologic 
examination only a hiatal hernia was reported, but at a second examination the 
shadow originally interpreted as an esophageal hiatal hernia was reported as a 
diverticulum of the esophagus with an associated small esophageal hiatal hernia. 

The roentgenologic and esophagoscopic examinations are not only impor- 
tant in the establishment of the clinical diagnosis but are also of equal impor- 
tance in the surgical consideration of these diverticula. The more important 
of these considerations are determination of the size and site of origin of the 
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diverticulum from the lumen of the esophagus and the side of the thorax into 
which the diverticulum extends from the posterior mediastinum. These exam- 
inations are important in determining the most accessible point of approach 
through the thoracic wall to expose the diverticulum, in determining whether 
there is any retention of food or foreign body in the sac, which, if present, 
should be thoroughly removed before operation, and also in determining 
whether there is any communication between the diverticulum and the lungs or 
mediastinum as a result of perforation which would require special preoper- 
ative preparation and treatment at the time of removal of the diverticulum. In 
none of the eight cases of pulsion diverticulum herein reported was there any 
perforation into the lung. In one case in which the diverticulum was in the 
middle third of the esophagus, the walls of the diverticulum were greatly 
inflamed and calcified and the diverticulum was adherent to the median sur- 
face of the left lung but had not perforated into the lung. However, I operated 
upon a patient on July 11, 1928, who had a traction type of diverticulum of 
the middle third of the esophagus due to inflamed mediastinal lymph nodes ; 
this diverticulum had perforated into the posterior median surface of the lower 
lobe of the right lung and right main bronchus. A right transpleural one-stage 
diverticulectomy and closure of the bronchial fistula were performed. This 
patient is not included in this series because the diverticulum was of the 
traction type. 
PREOPERATIVE TREATMENT 

The preoperative preparation is important in those patients who are selected 
for surgical treatment. As stated above, if there is any retention of food or 
foreign material in the sacculation, it should be thoroughly removed before 
operation ; in some instances this retained material may become inspissated and 
incrusted onto the walls of the diverticulum so that removal of it may require 
repeated endoscopic aspirations; in some instances the patient can greatly 
assist in freeing or can completely free the diverticulum of retained material by 
swallowing liquids. This procedure they often carry out after meals to relieve 
their distress. 

The diet should be of a liquid or nonresidue type after the sacculation has 
been freed of residue. 

All patients have at least one dilatation of the esophagus below the divertic- 
ulum before operation. Patients who have an associated spasm of the lower 
part of the esophagus may require more dilatations before operation than do 
those without spasm. All patients are given penicillin as an aerosol and by 
intramuscular injection for from 24 to 48 hours before operation, and a Rehfuss 
tube is passed through the esophagus into the stomach at the time of operation 
so as to prevent vomiting and keep the stomach empty during and after oper- 
ation. The tube is also an aid in locating the lumen of the esophagus at 
operation. 

OPERATION 

The more important technical considerations of the surgical treatment of a 
large pulsion diverticulum with herniation of the mucous membrane through 
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an opening in the muscle wall of the esophagus are the selection of the most 
accessible site of transpleural approach to the diverticulum, the separation of 
only sufficient mediastinal pleura from the esophagus to permit adequate 
exposure of the diverticulum with as little separation of the esophagus from 
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Fic. 1.—Pulsion type of diverticulum of the lower part of the esophagus 
3 inches (7.6 cm.) above the diaphragm. Right posterolateral transpleural 
approach, and technic of one-stage diverticulectomy and reconstruction of 
the wall of the esophagus 


its mediastinal bed as possible, complete excision of the sacculation, and the 

repair and reconstruction of the opening in the wall of the esophagus. In the 

cases in which the diverticulum is excised, it is essential that the herniated 

mucous membrane be completely separated from the muscle wall at its open- 

ing, and great care should be taken not to penetrate the mucous membrane 
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during the dissection. After the neck of the sacculation has been completely 
separated, a soft right-angle clamp is placed at least 1.5 cm. from the true open- 
ing and the diverticulum 1s excised at this point so as to leave sufficient mucous 
membrane for inversion into the lumen of the esophagus without leaving any 
redundance or causing any constriction of the lumen of the esophagus. A Con- 
nell suture of continuous chromic catgut is used to invaginate the neck of the 
sac into the lumen of the esophagus. The opening in the muscle wall of the 
esophagus is then closed with two rows of interrupted silk sutures, care being 
taken not to narrow the normal lumen of the esophagus (Fig. 1). In those 
cases in which there is a dilatation of the muscle wall of the esophagus 
associated with a moderate-sized diverticulum, the sacculation may be excised, 
the opening closed and the wall of the esophagus plicated to normal size. When 
the diverticulum is small and associated with dilatation of the muscle wall of the 
esophagus, the sacculation may be invaginated with plication of the esophageal 
wall. After the diverticulum has been excised and the wall of the 
esophagus has been reconstructed, the median fold of the mediastinal pleura is 
sutured over the closure and the posterior fold is left open for drainage of the 
posterior mediastinum. Three hundred thousand units of penicillin are placed 
in the pleural cavity. The lung is fully inflated by positive pressure, and the 
incision in the thoracic wall is closed with intercostal closed drainage under 
water seal or gentle suction for from 48 to 72 hours. 

Brief reports of the eight cases of pulsion diverticula of the lower esophagus 
of this series follow. 


REPORT OF CASES 


Case 1.—A man age 42 years was admitted to the clinic on October 8, 1940. His 
chief complaint was dysphagia of 10 years’ duration. He stated that he had had a 
tonsillectomy 10 years prior to admission, which was complicated by an aspiration pul- 
monary abscess on the right side. Since that time he had had recurrent attacks of spas- 
modic pain in the lower part of the esophagus associated with sticking of food in his 
esophagus, which was more severe after nervous strain. He had been given belladonna 
with temporary relief. Three weeks prior to his admission, after a severe nervous strain, 
he began to have marked dysphagia and retrosternal and retroxiphoid pain that extended 
to the posterior part of the throat, and he had difficulty in swallowing food or liquids. 
There was no vomiting or regurgitation of food. He had lost 10 pounds (4.5 Kg.). A 
diagnosis of diaphragmatic hernia had been made on roentgenologic examination. 

Roentgenologic study of the stomach and duodenum at the clinic gave negative 
results. The roentgenologic study of the esophagus revealed an esophageal diverticulum, 
5 cm. in diameter, in the right posterior wall of the lower third of the esophagus. 
Esophagoscopic examination disclosed a large pulsion diverticulum with a large opening 
in the right posterior wall of the esophagus, 174 inches (3.8 cm.) above the cardia. There 
was no ulceration of the mucous membrane of the diverticulum, which contained a large 
amount of barium and mucoid secretion. There was no obstruction of the esophagus below 
the opening of the diverticulum. The patient’s symptoms improved after esophagoscopy 
and dilatation of the lower part of the esophagus. He was advised to have surgical 
intervention for the diverticulum but refused. He was advised to return in three months 
for observation but he did not return until one year and four months after his dismissal. 
The roentgenograms at the second visit revealed marked increase in the size of the 
diverticulum to 8 cm. in diameter, and the esophagoscopic examination disclosed consid- 
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erable increase in the size of the opening of the diverticulum and inflammation of the 
mucous membrane of the diverticulum and the lower part of the esophagus. Surgical 
intervention was again advised, and on March 4, 1942, a right transpleural diverticulec 
tomy was carried out (Fig. 2a, b and c). 

After the operation right pleural effusion developed; this required several pleuro- 
centeses and was followed by open operation because of empyema on the right side. 
Esophagoscopic examination revealed a small opening from the right lateral wall into the 
mediastinum. The patient was unable to tolerate a nasal tube, so a gastrostomy was per- 
formed for feeding. His condition improved after the gastrostomy, and at the time of 


from 
the esophagus. He returned to the clinic on several occasions and at the time of a visit 


his dismissal the empyema cavity was granulating well and there was no leakage 


seven months after operation, the roentgenogram of the esophagus revealed some dilatation 
of the lower part of the esophagus on the right, probably at the site of the former 
diverticulum. He was feeling well. 





Fic. 2.—Pulsion diverticulum of the lower third of the esophagus. Right transpleural 
one-stage diverticulectomy with reconstruction of esophagus (a and b 
increase in size of diverticulum in a period of one and one-third years. (c) After trans- 
pleural diverticulectomy and reconstruction of the esophagus. Recovery complicated by 
empyema. Some dilatation at the site of operation, with narrowing of the esophagus 
below, due to spasm. Complete relief of symptoms. 


Progressive 


Case 2.—A woman age 57 years was admitted to the clinic on October 12, 10943. 
Her chief complaints were dysphagia and substernal distress of seven months’ duration, 
and asthma since i923. Seven months prior to her admission, the patient had begun 
having difficulty in swallowing food. She had a sensation that food was stopping behind 
the sternum. Three months after the onset, solid food was difficult to swallow and caused 
distress under the sternum, with regurgitation of food almost immediately. Three weeks 
later, roentgenographic examination revealed a diverticulum of the esophagus just prox- 
imal to the cardia. The patient had lost 30 pounds (13.6 Kg.) during the past four or five 
months. She also gave a history of having had asthma since the fall of 1923. She had 
been relatively free from symptoms of asthma during the past three years except when 
she had a cold. 

The roentgenographic examination of the esophagus and stomach revealed an 
esophageal hiatal hernia and, about 4 inches (10 cm.) above the stomach, a diverticulum. 
A second roentgenogram of the esophagus disclosed a large diverticulum of the lower 
third of the esophagus and a small esophageal hiatal hernia with about 2 inches (5 cm.) 
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of the stomach above the diaphragm. Esophagoscopic examination revealed a large 
diverticulum in the left wall of the lower third of the esophagus. The contents of the 
diverticulum were aspirated. Reduction in weight was advised. The patient returned to 
the clinic after two months, stating that the condition had become worse and that she was 
now unable to take liquids. A diagnosis was made of a large, infected pulsion diverticulum 
in the lower third of the esophagus and of a small esophageal hiatal hernia. Surgical 
intervention was advised for the esophageal diverticulum, and on October 23, 1943, a 
left transpleural diverticulectomy was carried out. 

lhe immediate convalescence was essentially uneventful except for moderate difficulty 
in swallowing solids. The patient was dismissed from the hospital on the fortieth post- 


j 


operative day but, because of an influenzal pulmonary infection, was readmitted. Because 


of the pulmonary infection, an open operation with resection of the ninth rib was required, 





Fic. 3.—Large pulsion diverticulum with retention in the lower fourth of the 
esophagus. Right transpleural one-stage diverticulectomy with reconstruction of the 
esophagus. (a) On admission, showing esophageal diverticulum extending into right 


thoracic cavity and to the diaphragm. (b) Twenty-four hours later, showing retention 
of barium in the diverticulum. (c) On dismissal, 24 days after diverticulectomy. 
Esophageal deformity at the site of operation. Lumen of esophagus normal. Relief 
of symptoms 


after which she gradually recovered. At the time of her dismissal, two and one-half 
months after the diverticulectomy, the roentgenogram revealed a sacculation at the point 
of operation. The wound was healed, except for a granulating area in the posterior 
angle. She returned for observation three years after operation. She still had some dys- 
phagia but her symptoms were markedly relieved. 


Case 3.—A man age 59 years consulted the clinic on May 30, 1945, complaining of 
stomach trouble of 10 years’ duration. He stated that for 10 years prior to his admission, 
he had had progressive difficulty associated with ingestion of food. He had two types of 
dificulty: (1) a progressive dysphagia; he stated that food or liquids did not seem to 
enter his stomach but that they were regurgitated into his throat causing a marked 
choking ; and (2) a feeling of fullness high in hi epigastrium after meals, with vomiting 
and regurgitation of food. He often regurgitated food which had been taken two days 
previously. He had this difficulty with both liquids and solids, particularly with cold 
drinks. There was also a burning, gnawing sensation in the epigastrium after meals, 
which would be particularly relieved by soda. He had lost 15 pounds (6.8 Kg.). 
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The roentgenogram of his esophagus revealed a large diverticulum, about 10 cm. in 
diameter, arising from the distal third of the esophagus. An esophagoscopic examination 
was carried out, with partial removal of the contents of the diverticulum. It was impos- 
sible to remove all the food, barium and debris from the diverticulum by endoscopic 
aspiration, and the patient assisted in freeing the diverticulum of retained material by 
swallowing liquids. A diagnosis of a pulsion diverticulum of the lower fourth of the 
esophagus was made, and on June 13, 1945, a right transpleural diverticulectomy was 
performed (Fig. 3a, b andc). The patient made an excellent recovery from the operation 
and was dismissed four weeks after the operation. The roentgenogram of the esophagus 
revealed the site of the operation to be in good condition with a good lumen of the 
esophagus. 


Case 4.—A man age 43 years consulted the clinic on February 3, 1945. His chief 
complaint was stomach trouble of four years’ duration and dysphagia of six months’ 
duration. He stated that in 1941 he had consulted his physician because of stomach trouble 
with pain and some dysphagia. He had also had diarrhea and the condition, he said, was 
diagnosed as spastic colitis. In June, 1944, he began having difficulty in swallowing food. 
The food seemed to lodge in his esophagus. He would become nauseated and would 
vomit the food to get relief. This condition has become gradually worse until the time 
of his admission, when he could swallow only liquids. He had lost 50 pounds (22.7 Kg,), 

The roentgenogram of the stomach revealed an esophageal hiatal! hernia with a por- 
tion of the cardial end of the stomach above the diaphragm. The roentgenogram of the 
thorax disclosed a rounded mass of increased density behind the right portion of the 
heart. Esophagoscopic examination revealed nothing abnormal. A diagnosis was made 
of a small hiatal diaphragmatic hernia due to an incompetent esophageal hiatus, and on 
February 10, 1945, the hernia was repaired. It was found that the sacculation seen on 
roentgenoscopic examination was not due to the hernia but was due to a pulsion diver- 
ticulum of the lower part of the esophagus. The patient made a good recovery from the 
operation and was dismissed three weeks after operation. He was advised to return later 
for removal of the diverticulum. He returned on June 14, 19045, and esophagoscopic 
examination revealed a large diverticulum in the lower end of the esophagus, containing 


1 


about 500 cc. of food, which was removed. He complained that he had had further loss 
of weight and increasing dysphagia since his previous dismissal. A diagnosis of pulsion 
diverticulum of the lower third of the esophagus was made, and on June 14, 1945, a 
right transpleural diverticulectomy was carried out. 

The postoperative course was satisfactory, and the patient was dismissed from the 
hospital on the sixteenth postoperative day. A letter received a year after the operation 
stated that his condition was much improved. A roentgenogram taken by a physician in 
his home community revealed the esophagus to be normal except for a slight irregularity 


at the lower end 


Case 5.—A man aged 62 years consulted the clinic on April 9, 1946, because of a 
sense of fullness and distress behind the lower end of the sternum of six years’ duration. 
He stated that this feeling of fullness and distress became worse one or two hours after 
meals, at which time he experienced considerable eructation of sour food. During the six 
or eight months just prior to his admission, he had to sleep on two or more pillows. If 
he lay flat, he would vomit a large amount of food. He had no nausea and there was no 
weight loss. He had consulted a physician in his home community, who had diagnosed 
the condition as a pulsion diverticulum of the lower part of the esophagus, and repeated 
roentgenograms had revealed increase in the size of the diverticulum. 

A roentgenogram of the stomach and the esophagus revealed a large diverticulum 
in the right lateral aspect of the terminal end of the esophagus and a small hiatal 
diaphragmatic hernia. Esophagoscopic examination revealed a fair amount of gastric 
secretion in the esophagus and considerable spasm around the orifice of the diverticulum 


The food content was aspirated from the diverticulum. A diagnosis was made of pulsion 
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diverticulum of the lower part of the esophagus, with constriction of the distal portion, 
and a small hiatal diaphragmatic hernia. Surgical intervention was advised for the pulsion 
diverticulum, and on April 18, 1946, a right transpleural diverticulectomy was performed. 
Convalescence was uneventful, and the patient was dismissed four weeks after the oper- 
ation. The roentgenogram of the esophagus revealed considerable spasm of the lower 
part of the esophagus, which was otherwise normal. Also a small hiatal diaphragmatic 


hernia was present. 


Case 6.—A man age 55 years consulted the clinic on June 18, 1946. He complained 
of dysphagia of 10 years’ duration. Because of his difficulty in swallowing he had con- 
sulted his physician, who he said, had made a diagnosis of nervousness. Two years prior 





Fic. 4.—Pulsion diverticulum of the middle third of the esophagus. Spasm of the 
lower part of the esophagus. Small esophageal hiatal hernia. Left transpleural invagina- 
tion of the diverticulum and plication of the wall of the esophagus. (a) On admission. 
Diverticulum of the left middle third of the esophagus. Dilatation of the esophagus 
above the diverticulum and spasm of the esophagus below the diverticulum. Small 
esophageal hiatal hernia. (b and c) Three weeks after operation. Some irregularity of 
the middle third of the esophagus at the site of operation. Small esophageal hiatal hernia. 
Left posterolateral incision healed. Relief of symptoms. 


to his admission, the condition had become worse and roentgenograms revealed a 
diverticulum of the middle third of the esophagus and a hiatal diaphragmatic hernia. 
The patient had lost nine pounds (4.1 Kg.) in two years. His only complaints were 


dysphagia and a sensation of food sticking in his thorax. 
\ roentgenogram of the esophagus revealed a diverticulum, with a very broad neck, 
in the esophagus at the level of the body of the seventh dorsal vertebra and a small 


esophageal hiatal diaphragmatic hernia. Esophagoscopic examination disclosed a large 
diverticulum of the anterior wall of the middle third of the esophagus and also a small 
hiatal hernia. A diagnosis of a pulsion diverticulum, with spasm, of the middle third of 
the esophagus, together with a small hiatal diaphragmatic hernia, was made, and on June 
27, 1946, a left transpleural invagination of the diverticulum and plication of the 
esophageal wall were carried out. The patient made an uneventfu] recovery from the 
operation and was dismissed four weeks later (Fig. 4a, b and c). The roentgenoscopic 


1 


study of the esophagus revealed minimal irregularity of the middle third at the site of 


the former diverticulum and a small esophageal diaphragmatic hernia. 


615 


STUART W. HARRINGTON amen ( Surgery 

Case 7.—A man age 48 years consulted the clinic on February 8, 1946, because of 
attacks of acute indigestion of two months’ duration. He stated that two months prior 
to his admission he had had an attack of severe pain in the epigastrium and nausea. He 
consulted his physician, who took a roentgenogram of his stomach and found a divertic- 
ulum of the lower part of the esophagus. He had been placed on a diet and had lost t< 
pounds (6.8 Kg.). Other than a similar attack one year previously, he had had no 
symptoms. 

A roentgenogram of the esophagus disclosed a large diverticulum arising from the 
lower part of the esophagus and a small esophageal hiatal hernia. Esophagoscopic exam- 
ination revealed a great deal of material in the esophagus, and the large diverticulum in 
the lower part of the esophagus was filled with barium, which was aspirated. A small 





Fic. 5.—Case 8: Pulsion diverticulum and spasm of the lower third of the esophagus. 
Right transpleural diverticulectomy. Small esophageal hiatal hernia. (a) On admission 
Diverticulum of the lower third of esophagus with contraction and diffuse spasm of the 


distal part of the esophagus. Also esophageal hiatal hernia. (b) Three weeks after 


diverticulectomy. Spasm and contraction of the lower part of the esophagus. No 


deformity at the site of operation. Small esophageal hiatal hernia. (c) Pulsion divertic 
ulum consisting of mucous membrane of the lower part of the esophagus. Some inflam 
matory reaction 


hiatal diaphragmatic hernia was also noted. A diagnosis was made of a pulsion divertic- 
ulum of the lower part of the esophagus and a small esophageal hiatal hernia. Surgical 
intervention was advised for the diverticulum. However, the patient refused surgical 
treatment at that time but returned in May, 1947, for further consideration because of 
continued trouble. He was again advised to have surgical intervention because of the 
esophageal diverticulum, and on May 5, 1947, a right transpleural diverticulectomy was 
carried out. His convalescence was complicated by pneumonia, and on the eighth day 
after operation pain developed in the right lower part of the thorax. This was followed 
by a second rise in temperature to 102° F., with increase in the pulse rate to 120 per 
minute. He was given penicillin but his condition did not improve and he died on the 
thirteenth postoperative day from pneumonia and a localized mediastinal abscess 


Case 8.—A man age 47 years consulted the clinic on October 15, 1947, because of 
regurgitation. He stated that for two years he had been awakened frequently during 
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the night, at which time he would regurgitate a mouthful of bile-tasting fluid; usually 
he would reswallow the material. Occasionally, by force, he would vomit partly digested 
food although he never felt like vomiting. After vomiting, he would have a vague indi- 
gestion for several days. Frequently while eating at formal occasions, he would experi- 
ence regurgitation of food just eaten. 

A roentgenogram of the esophagus disclosed a diverticulum of the right wall of 
the lower part of the esophagus, with contraction of the distal part of the esophagus, and 
also a small hiatal diaphragmatic hernia. Esophagoscopic examination revealed no 
obstruction in the esophagus. A diagnosis was made of a pulsion diverticulum and spasm 
of the lower third of the esophagus and a small hiatal diaphragmatic hernia. Operation 
was advised, and on October 22, 1947, a right transpleural diverticulectomy was carried 
out. The patient made an excellent recovery from the operation and was dismissed three 
weeks after it. (Fig. 5a, b and c.) He returned for observation seven months later. He 
had no symptoms. The roentgenogram of the esophagus disclosed moderate redundance 
of the esophagus at the site of the removal of the diverticulum and diffuse spasm of the 
lower part of the esophagus, as well as a small hiatal diaphragmatic hernia. Esophago- 
scopic examination revealed a shallow pouch in the lateral wall of the esophagus just 
above the stomach. The esophagus was dilated to the size of a 50 F. sound without 
evidence of obstruction. 


A brief summary of the surgical treatment in the eight cases of this series 
follows. The approach was transpleural through a posterolateral incision in all 
eight cases. In six the approach was through the right lower wall of the 
thorax, in one through the left lower wall and in one through the left midwall. 

A diverticulectomy with repair and reconstruction of the muscle wall of 
the esophagus was done in seven cases. In the remaining case an invagination 
of a small diverticulum with plication of the dilated walls of the esophagus 
was done. 

In one of the eight cases a repair of an esophageal hiatal hernia was per- 
formed prior to the excision of the diverticulum. 

One patient had a postoperative empyema, which was drained first by 
closed intercostal drainage and later by open operation with rib resection. 
This patient could not tolerate an indwelling Rehfuss tube through the 
esophagus, and a temporary gastrostomy was done for feeding during the 
first two weeks of his postoperative convalescence following the open opera- 
tion for drainage of the empyema. He made a satisfactory recovery. 

One patient died from pneumonia and a small localized posterior medias- 
tinal abscess on the thirteen postoperative day. 

Seven of the eight patients operated on recovered from the operation and 
have been relieved of their symptoms due to the diverticulum; three of these 
patients have continued to have some attacks of esophageal spasm. 
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ESOPHAGEAL RUPTURE COMPLICATING CRANIOTOMY 
SYMPTOM COMPLEX AND PROPOSED 
SURGICAL TREATMENT*?+ 
Epcar F. Fincuer, M.D., anp Homer S. Swanson, M.D. 


Emory University, Ga. 


RECENTLY three esophageal ruptures occurred following what might have 
been successful craniotomies, all within a period of six weeks of one another ; 
these cases aroused our interest in this tragic complication. We feel, after a 
study of the clinical course of these three patients and the only other two cases 
recorded in detail in the medical literature (Cushing*), that the symptom 
complex of this craniotomy sequel is such that the condition can be recognized 
before death. Since the symptomatology of this mediastinal insult in many of 
its features is analogous to the symptomatology of cerebral complications 
following craniotomy, it is quite likely that damage to the alimentary tract 
occurs more frequently than is suspected. By calling attention to the condition, 
we hope that it may be recognized that the true incidence of its occurrence 
may be established, and, with the suggested plan of treatment outlined by our 
confréres in thoracic surgery, that some of the fatally complicated craniotomies 
may be salvaged. For neurosurgic consideration, the salient symptoms of the 
esophageal complication are detailed, and for the surgeon versed in the tech- 
nical problems of the mediastinal territories, a plan of treatment is offered 
for evaluation. 

The clinical and experimental observations of the past have established the 
relationship between cerebral disease and ulceration and perforation of the 
alimentary tract. The literature on this subject, dealing with problems experi- 
mental, anatomic and pathologic, is voluminous. For our purpose, only the 
esophageal damage secondary to cranial surgery is of immediate concern. 
\side from Cushing’s contribution, it is important to recognize the earliest 
recorded efforts which form the basis for our present-day concepts of the 
neurogenic origin of gastro-intestinal mucosal denudements. This is particu- 
larly pertinent in view of the present extensive interest in the subject and in 
view of surgical efforts, both experimental and clinical, in the evaluation of 
the effects of vagotomy in the treatment of peptic ulcer. 

In 1841, Von Rokitansky,’ in his handbook on pathologic anatomy, 
described ulcerative lesions of the alimentary tract secondary to morbid condi- 
tions of the vagus nerve. He described esophageal and gastric perforations 
during life with effusions into the pleural and peritoneal cavities in cases of 
hypothalamic tumors. To Von Rokitansky credit is due for the adage, “ulcer 
in the alimentary tract—disease in the brain.” In 1845 Schiff? carried out the 
earliest experimental procedures to confirm the relationship between cerebral 
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lesions and intestinal-tract damage. He effected unilateral lesions in the optic 
thalamus and adjacent cerebral peduncles in dogs and rabbits. Within a few 
days, he demonstrated a softening in the walls of the stomachs of these experi- 
mental animals and often an actual gastric perforation. Twenty-two years 
later, Schiff? compiled all his work on the physiology of digestion and pointed 
out that there were vasoconstrictor and vasodilator nerve fibers to the 
stomach ; that the former passed by way of the celiac plexus, and that flushing 
effects of the gastric mucosa were produced by stimulating the fibers of the 





Fic. 1—Autopsy specimen of Case 1, (A) denoting 
the tumor location in this patient; (B) the location of 
the adamantinoma in Case 2, and (C) the site of the 
sphenoid ridge growth in Case 3. 


vagus nerve. In 1931, Cushing* completely reviewed all the literature per- 
taining to the subject of cerebral lesions as related to gastro-intestinal disease 
and discussed in detail nine cases of his own that developed alimentary lesions 
following craniotomy. He clarified many questionable points on this subject 
of the relationship of cerebral disease to gastro-intestinal lesions and postulated 
from the study of his cases and additional experimental observations, “the 
presence in the diencephalon of a parasympathetic center.” Important for the 
moment is his inference of the infrequency of gastro-intestinal complications 
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following craniotomy, for in 1931 Cushing’s series of verified brain tumors 
was past the one thousand total. Further suggesting the rarity of esophageal 
ruptures is the fact that of the total of Cushing’s 12 cases exhibiting gastro- 
intestinal pathology, he had only 2 in which the esophagus was torn. 

Cushing’s interest in the subject of ulcerations of the intestinal tract 
derived from “the disturbing experience of having lost three patients from 
acute perforations of the upper alimentary canal.”’ That each of the brain 
tumors in his three cases “happened to be situated in the cerebellum could not,” 
he said, “be other than of some significance.” Our three tumors were all 
located above the tentorium and the anatomic site of our surgical activities 
involved the frontal and the anterior part of the middle cerebral fossae ( Fig. 1), 
It would appear that the importance attached by Cushing to the tumor loca- 
tions as a factor in the production of gastro-intestinal lesions is not too sig- 
nificant. In our experiences, the region of the tuber cinereum was implicated 
in each case. This would support Cushing’s idea of “the presence in the 
diencephalon of a parasympathetic center.”’ The fiber tracts originating in the 
tuberal center “apparently pass backward to relay with the cranial-anatomic 
stations of the midbrain and medulla, of which the vagal nucleus is by far the 
most important, ete.” From this still ill-defined anatomic suggestion, it is not yet 
possible to ascribe an isolated tumor location with a possible postoperative 
esophageal rupture. It is recommended that one might be more conscious of this 
craniotomy complication in any cranial surgical venture. Particularly, this possi- 
bility should be kept in mind when the surgery is performed in the hypothalamic 
or the medullary areas. There are clinical and experimental suggestions that 
gastro-intestinal function is cortically represented in the subfrontal convolu- 
tions. In our first experience (Fig. 1), owing to the involvement of the most 
anterior pole and adjacent cortex of inferior surface of the dominant left 
frontal lobe, a theoretical cortical influence as an explanation for the 
ruptured esophageal complication was ventured. With our subsequent two 
cases and a brief survey of all our gastro-intestinal complications following 
intracranial surgery or trauma, and after some exploration into the literature 
on the subject, we concluded that alimentary-tract damage may occur follow- 
ing any craniotomy for cerebral or cerebellar disease. This conclusion led us 
to seek some solution or proposed treatment for such a rapidly fatal interrup- 
tion in craniotomy convalescence. Prophylactic or preventive measures were 
considered, but without practical success and suggestions for active treatment 
of the condition were sought from our thoracic surgeon. 

The essential information concerning each of our three cases is as follows: 

Case 1.—(NS. 48240). March 10, 1948. Meningioma—Left frontal pole. Female 
Age 35 years. History of 12 months of headaches. Advanced degree of increased intra- 
cranial pressure. No localizing symptoms. Ventriculography. Left fronto-temporal 
craniotomy. Decompression. Death 36 hours after craniotomy. Complete autopsy. Rup- 
tured esophagus. 


Case 2.—(NS. 471229). March 23, 1948. Supra-chiasmal adamantinoma. History 
of 12 months of headaches. Male. Age 50 years. No objective evidence of intracranial 
pressure. Left homonomous hemianopsia. Ventriculography. Arteriography. Right 
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temporo-frontal craniotomy. Death 48 hours after craniotomy. Complete autopsy. Rup 
tured esophagus 


Case 3.—(NS. 48350). April 13, 1948. Meningioma. Left mesial sphenoid ridge. 
Male. Age 55 years. History of 36 months of headaches. Chronically increased intra- 
cranial pressure. Semiconscious. Ventriculography. Left frontal craniotomy. Death 56 
hours after craniotomy. Complete autopsy. Ruptured esophagus. 


The histologic studies of our three tumors revealed that these growths 


were of a benign character, one being a polar meningioma of the left frontal 
lobe, the second a suprachiasmal adamantinoma situated posterior to the optic 
chiasm and grossly measuring less than two centimeters in diameter ; the third 
lesion was also a meningioma, histologically more active than the first case, 
arising from the mesial limits of the sphenoid ridge. It is without the scope of 
this communication to discuss in detail the problems, neurologic, neurosurgical 
and histologic, involved in these cases. There were some diagnostic procras- 
tinations and surgical blunders for which cognizant personal retributions have 
been made. Although 12 months or longer elapsed from the onset of intra- 
cranial symptoms in each case until a histologic diagnosis was established, it is 
not our opinion that the chronicity of the intracranial disease played any role 
in initiating the esophageal ruptures. A more important point for our presen- 
tation than symptoms, histology, personal mistakes or time elements is a 
reiteration of focusing attention on the cerebral territorial areas of our three 
efforts and the posterior fossa regions reported by Cushing, in which surgery 
was performed in an attempt to eradicate the intracranial disease. Remember- 
ing these territories, one might be more ready to recognize esophageal or 
alimentary complications should the postoperative convalescence of the 
craniotomy patient not continue satisfactorily. 

It is our opinion that in our three cases the esophageal ruptures occurred 
before death and that the damage to this structure was neither the result of 
physical, mechanical trauma nor an exaggeration of postmortem changes in 
the alimentary mucosa so familiar to autopsy workers. In support of our 
ideas, none of our patients were intubated before or during their operative 
narcosis, none of the three were “tubed” or had any “aspiration efforts” post- 
operatively. All three patients vomited blood as the initial symptom. In the 
first patient, the retching and vomiting were both of such violence as to 
suggest a possible mechanical explanation for the rupture of the esophagus. 
Her initial vomitus before the addition of her violent retching contained 
blood, so the interpretation of this physical strain as a factor, after a study of 
the other two cases, was discarded. The histologic support of our antemortem 
concepts of the esophageal damage is summed up by the opinions of our path- 
ologists in their report that “the microscopic studies of the alimentary per- 
forations and the surrounding tissue changes are those of ante-mortem cellular 
activities and not postmortem tissue degenerative depictions.” 

The symptomatology of the esophageal ruptures in our three cases has 
been essentially identical. The postoperative symptom details recorded by 
Cushing in his two experiences could be substituted for any one of our cases. 
It is upon the appearance of these symptoms following craniotomy that we feel 
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the condition can be suspected. The confirmation of this suspicion by medias- 
tinal aspiration constitutes a part of the proposed suggested treatment. The 
symptom complex can be summed up as beginning with vomiting, the vomitus 
containing blood, followed by a seething, restless irritability, respiratory diffi- 
culties, sweating, cyanosis and a progressive loss of consciousness, an increas- 
ing pulse rate, an uncontrollable hyperthermia, profound coma and rapid death. 

The immediate postoperative reactions of our patients to the craniotomy 
were satisfactory in all three instances. The pulse rates, blood-pressure record- 
ings, temperatures and respirations were within expected postoperative ranges. 
These “vital signs” recorded at 15- and 30-minute intervals remained rather 
stationary during the first 24-hour period after operation. The vomitus, pro- 
duced in the first 8 to 12 hours after conscious activities, appeared following 
recovery from the “anesthetic hypnosis,” consistently contained blood, either 
as “coffee-ground” watery fluid or bright-red bloody mucous material. The 
vomiting continued through conscious and semiconscious periods. After the 
first postcraniotomy 24-hour period, such consciousness as had been regained 
began to lag and the patients lapsed into a stupor which progressed to a coma 
within from four to six hours. With the initial regression of consciousness, 
extreme restlessness and excessive sweating developed. In this same 24-hour 
period, with the reduction in conscious contacts with the patient, cyanosis 
was definite in the finger tips and mucous membranes. With the appearance 
of cyanosis, the pulse rate increased to 120 per minute and higher. This rapid 
rate was maintained almost until death. The immediate temperature elevation 
that usually characterizes every craniotomy, having begun a descent to more 
normal levels at the beginning 


f the first postoperative day, rather abruptly 
became elevated and continued to do so. This occurred despite therapeutic 
efforts that in most instances have been effective in controlling postcraniotomy 
hyperthermias. The pulse-rate increase was concomitant with the temperature 
elevation. The temperature continued to rise until a few minutes before death 
when an abrupt drop to normal or subnormal figures was recorded. A change 
in the respiratory rate developed, with the appearance of cyanosis in the 
extremities. This rate remained elevated in two of the cases. An hour before 
death in one patient, this rate dropped to 6 to 10 per minute. The 
excursions of the thoracic cage were in each case rather shallow and became 
more so as the rate increased. Throughout the postoperative course our three 
patients maintained an essentially normal blood pressure. 

Just before death, there was an abrupt drop in pressure to levels which 
could not be recorded and there was no response whatsoever to so-called 
“cardiac” or “shock” therapeutic efforts. Other than the secondary lapse of 
consciousness, none of our patients exhibited any new objective neurologic 
symptoms in the postcraniotomy course. With our already described altera- 


tions in “vital signs,” in Cushing’s two experiences there is no description of 
his patients’ developing new neurologic symptoms in the nature of pupillary or 
reflex changes, spasticities or any phenomenon to suggest added cerebral dis- 
turbances. There was no objective evidence in his or our patients suggesting a 
general acutely increasing intracranial pressure. There were no new cerebral 
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manifestations of a localizing nature during the time we have designated as the 
one in which the esophageal damage and systemic tissue reactions were active. 

In a review of seven postcraniotomy postmortem examinations, all per- 
formed for traumatic or neoplastic conditions, the clinical developments within 
the first 24 to 36 hours after operation lead us to believe that these deaths may 
have been the result of pathologic developments in the alimentary tract and not 
primarily the result of intracranial complications. In these cases, autopsy 
studies were “‘limited to the head only,” and while the deaths were ascribed to 
pathologic changes in the brain and to the operation, the gross and microscopic 
appearance was not in every instance a completely satisfactory explanation of 
the postoperative death. There have been seven other deaths in our experience 
in which the clinical developments were consistent with a lesion of the upper 
gastro-intestinal tract. Unfortunately, autopsies could not be obtained in these 
cases. It is our opinion that our earlier inference of the rarity of alimentary- 
tract complications from neurosurgical efforts is more relative than real. 
Obviously only complete autopsies will reveal the true frequency and establish 
the incidence for this cause of death as an aftermath of cerebral operations. 

Our interest in seeking help for the diagnosis and treatment of esophageal 
damage following intracranial surgery was prompted by the fact that our 
three cases occurred within a few weeks of one another. The secondary reason 
for eliciting some help for the complication was based on the opinion that the 
situation is more frequent than is suspected. This idea developed after a crit- 
ical review of the clinical charts of the 14 unsatisfactorily explained “cerebral 
deaths” following craniotomy. There are no intimations in the literature con- 
cerning treatment or diagnosis of the gastro-intestinal complications secondary 
to craniotomies. Since it is not specifically established that the pathologic 
physiology of these esophageal disruptions is primarily vagal or celiac dysfunc- 
tion, or an imbalance between these two autonomic alimentary innervations, 
one cannot as yet offer specific prophylactic measures. There are no pharma- 
cologic preparations which will totally paralyze the vagus nerve and there is no 
justification or practical need for surgical attack on this structure or the celiac 
sympathetics preliminary to a craniotomy. Our immediate possible solution 
for establishing the diagnosis and for active treatment for the insult to the 
mediastinal tissues was suggested by Dr. Osler Abbott of our thoracic- 
surgical service. 

The proposal of Doctor Abbott is that when an esophageal rupture is 
suspected, a bedside roentgenogram of the chest be made. The presence of 
mediastinal air depicted on this film would confirm one’s clinical suspicions. 
His next suggestion is that a Levine tube be inserted into the esophagus. If 
blood be obtained on aspiration, iodized oil should be injected into the tube and a 
second roentgenogram of the chest be made. A diffusion of this contrast media 
into the mediastinal spaces would confirm the diagnosis. After the establish- 
ment of the diagnosis, some benefit might be obtained by surgical drainage of 
the territory. This could be accomplished by the insertion of an intercostal 
tube, or perhaps more effective drainage would be secured by a resection of the 
proximal portion of a rib. This would be followed by a nasal tube into the 
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stomach to assure continued removal of gastric 


contents. It is likely that this 
emergency surgery would have to he 


performed without transfer of the 
patient to the — theater. The definitive plastic repair of the esophagus 
could be performed a a later elective procedure, 
and chemother: apy ma constitute a part of the 
interval gastrostomy should he considered if the 
torily to the mediastin: il drainage. 


\ntibiotic administration 
systemic treatment. \n 
patient re sponded  satisfac- 
This plan of treatment appears drastic and 
certainly would require surgical fortitude. ] ‘ulmonary em bolectomy and vena 


surgical complications are also bold procedures. 
The removal of a benign brain 


cava — for general 


umor complicated by such a rapidly fatal 
sequel as an fone oa rupture would, in our opinion, 


justify any procedure 
offering hope of Saving a life. Should the 


symptoms in any of our future 
cramlotomies lead us to suspect damage to the upper 


alimentary tract, the 
diagnostic and ther: ipeutic efforts outlined above wil] 


promptly instituted.* 


SUMMARY 


\ disturbance of body thermal reactions following certain craniotomies 


and high cervical] laminectomies is a condition 


commonly witnessed and 
expected by neurosurgeons. 


These hyperthermias are usual lly explained on the 
theory of damage to the “heat-regulating centers” or on tl 


le basis of a disturbed 
peripheral circulation. Extreme changes in pulse, 


respiratory rate and the 
appearance of cyanosis followin: g intracranial surgery are symptoms too fre- 
quently attributed to altered cerebral functions. Vomiting. common in post- 
operative craniotomy patients, is accepted as an anticipated postanaesthetic or 
intracranial reaction. Should this vomitus contain blood, the physiologic 


alterations which simulate the symptoms of intracranial] complications must be 


properly evaluated in order to rec ‘ognize an aliment: iry lesion. It is felt that the 
characteristics of an esophageal rupture following intracranial 


be recognized by careful study of the clinical chart even if there are no addi- 


operations can 


tional neurologic developments other than an interference in consciousness. 
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Discussion.—Dr. CHARLES BaGLey, Jr., Baltimore: Doctor Fincher has reported a 


most interesting and, I think. unrecorded experience. I would like to report a similar 
experience. A 43-year-old male came to Mercy Hospital. Baltimore, because of vere 
and frequent epileptic seizures He also gave a history of gastri Symptoms which had 
been determined to be the result of a gastric ulcer. The gastric symptoms and cerebral 

* Dr. Osler Abbott performed the proposed plastic operation on 
of neurogenic origin in an adult male on January 6, 1949. 


April 20, 1949 


a ruptured esophagus 
This patient is still living 
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symptoms extended over a long period. An encephalogram, usually a mild procedure, was 
done with negative findings and, following this, vomiting was very troublesome. Forty- 
eight hours after the procedure there was sudden onset of severe abdominal pain. The 
patient died within 24 hours and an autopsy revealed a perforated gastric ulcer. 


Dr. Roy D. McCrure, Detroit: I was intrigued by the title of this paper- 
“Esophageal Rupture as a Complication of Craniotomy” and I would like to mention a 
patient I had when I was resident at Johns Hopkins Hospital, who had a rupture of the 
stomach as a complication of craniotomy. 

In 1907 Dr. Harvey Cushing had sent me to New York to work with Dr. Alexis 
Carrel to learn his technic of blood vessel suture. I also learned there, from Dr. S. J. 
Meltzer and Dr. J. R. Auer, this method of intratracheal anesthesia which completely re- 
placed the cumbersome Sauerbruch chamber we were using previously. We came back and 
began using tracheal anesthesia. While I was resident Dr. Walter Dandy was first assistant, 


1 


and at that time was becoming more and more interested in brain surgery. When this 
patient came in it was decided that the gasserian ganglion should be removed. A member 


1 
} 


of this Association—not present at this meeting—gave the intratracheal anesthetic to the 
patient. In those days we did not have operating tables with wheels or castors. The 
patient was anesthetized on a stretcher by this doctor, whose name I won’t mention, and 
brought into the operating room. Orderlies at that time lifted the patient off the stretcher, 
up against their abdomen and chest, the stretcher was withdrawn and the patient was 
laid on the table. I was going to help Walter with the operation. We noted after the 
patient was draped that she was getting very blue and was having trouble with breathing. 
We immediately took off the draperies and noted that she was tremendously distended. 
We passed a stomach tube and got a good deal of gas from the stomach. We knew then 
that the anesthesia tube was in the esophagus and not in the trachea. Her condition did 
not improve and we put her in the anesthesia room for a couple of hours. The liver 
dullness had disappeared. Then the blood count had started up so we decided there must 
be a ruptured viscus. I operated on her and found a large quantity of air in the 
abdominal cavity and a rupture in the lesser curvature of the stomach near the esophagus. 
The rupture was not directly through, like that produced by ulcer. We inverted the 
rupture in the stomach and sutured with mattress sutures and had a very prompt recovery. 
The only reaction we had in this patient was that, when we made ward rounds every 
day, she complained—“Doctor, I wanted my head operated on, not my stomach.” Within 
ten days Dr. Walter Dandy did do the gasserian ganglion operation and she made a com- 
plete recovery and left the hospital. For perfectly obvious reasons we did not report this 
ication at that time 
I am indebted to Dr. Alfred Blalock for supplying me with an abstract of this his- 


tory at this time 


Dr. Copp Pitcuer, Nashville, Tenn.: Doctor Fincher’s paper is a very important 
ontribution, not only because it calls attention to a fortunately rare but usually fatal 
complication in otherwise successful intracranial procedures, but because it suggests the 
possibility of complications of this character which do not terminate fatally and may occur 
much more frequently than we think. I say this because it is not particularly 
uncommon, in patients who have had operative procedures in this region of the brain and 
who remain in a state of so-called pathologic sleep for some time after operation, for them 
to vomit, always in the past considered to be post-anesthetic vomiting, and it is not 
particularly uncommon for the vomitus to contain blood. We have always tended to lay 
this in the lap of the anesthetist and assumed it was due to manipulation associated with 
insertion of the intratracheal tube; we have even criticized the anesthesia department 
rather severely for this at times, and Doctor Fincher’s contribution makes one wonder if 
perhaps we have not been overlooking non-fatal, non-perforating esophageal or gastric 
complications similar to those he has mentioned but not progressing so far. 
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Dr. HuGH A. GAMBLE, Greenville, Miss [ have never seen a case of esophageal 
rupture secondary to a craniocerebral injury. However, I wish to report a case of acute 
pancreatitis which came on shortly after sustaining a fracture of the skull over the right 
frontal region. 

This patient was employed at a sawmill, and while working around the boiler was 
struck upon the front of the skull by a flywheel causing a compound depressed fracture 
on the right side. He was temporarily unconscious and was brought to the hospital at 
10:00 A. M., at which time he had regained consciousness. An exploration of the wound 
was done. There was no cerebral hemorrhage. A depressed fracture was elevated. The 
wound was sutured and drained. About three hours later he began to suffer excruciating 
epigastric pain. He gave a history of having had an operation about five years before 
for intestinal obstruction and it was thought that possibly there had been a recurrence of 


this condition. The pain was unremitting in character and unrelieved by opiates. At 


5:00 P. M. he was again taken to the operating room, the abdomen was opened and it 


was found that he had an acute pancreatitis, the pancreas being about twice normal size 
and all the surrounding tissues markedly edematous. The pancreas was drained through 
the gastro-hepatic ligament and a cholecystostomy was also done. The patient made a 
good recove ry. 

The owner of the sawmill carried insurance and the company made inquiries as to 
whether or not the acute pancreatitis had any connection with the original injury. I told 


1 


them that in my opinion it was simply a coincidence, but from what I have heard this 


morning | feel that I must have been mistaken in that viewpoint and that there was a 


definite connection between the two 
This paper is of great importance to the general surgeon. It has brought o1 
] ] 


complications that can ensue from cranial injuries and cranial diseases, to which we have 


not paid particular attention in the past 


Dr. Epcar F. Fincuer, Atlanta (closing): I want to thank Doctor Bagley, Doctor 
McClure, Doctor Pilcher and Doctor Gamble. I would be interested in Doctor McClure’s 
experience with Doctor Dandy, for | am sure that in those days Doctor Dandy was doing 


the transtemporal approach to the section of the posterior root of the fifth nerve. In his 
latter years when he exposed it by way of the posterior fossa he uncovered a good many 
tumors. It is possible that the patient described by Doctor McClure may have had a 
neoplasm 

I had hoped that Doctor Swanson, my associate, who covered all the literature—and 
I assure you that it is voluminous, both experimental and clinical—would present some 
of this pertinent information. I do not believe the influence of the central nervous system 
on alimentary lesions is well appreciated unless one does go through the literature, pat 


ticularly the experimental material 
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TREATMENT OF HYPERTHYROIDISM IN CHILDREN* 
Joun H. Lyons, M.D. 


WasHIncton, D. C. 


THE PURPOSE OF THIS PAPER is to discuss the treatment of hyperthyroidism 
in children and to review the cases of this disease as observed at the Children’s 
Hospital of Washington, D, C., with reference to other series. 

Hyperthyroidism is a rare disease in children, especially in the very young. 
It has, however, been diagnosed in infancy, Klaus! having reported the case of 
a nine-month-old baby, and White? an even more unusual instance of hyper- 
thyroidism in a male fetus. Its frequency rises with increasing age, reaching 
a maximum at the time of puberty. In the past 13 years only eight children 
with the disease have been admitted to the Children’s Hospital in Washington, 
D. C. During the same period there were 78,659 admissions in all, therefore 
the incidence of hyperthyroidism was slightly more than 0.01 per cent. While 
this is much lower than the figures presented by some medical centers where a 
large amount of thyroid surgery is done, it is in keeping with those from other 
pediatric services. Schwartz* stated that on the pediatric service of the 
Western Pennsylvania Hospital in Pittsburgh, where there were approxi- 
mately 1,000 admissions a year, in a 20-year period there was only one case 
of exophthalmic goiter in a child; and at Long Island College Hospital in 1,000 
operations for exophthalmic goiter only four were on patients who had not 
vet reached puberty. The age limit at the Children’s Hospital in Washington, 
D. C., is 12 years, while the bulk of cases reported in the literature are among 
the 13- and 14-year-olds, many of whom probably should not be classified as 
children. In Dinsmore’s* series of 57 cases 65 per cent were between 12 and 
14 years old. Incidentally, the increase in thyroid activity during pubescence 
makes it difficult to draw the line between the normal and the abnormal. 

Hyperthyroidism is especially rare in male children. The ratio of females 
to males varies widely in different series, being 16 to one in Bram’s® series of 
128 cases, and three to one in Kerley’s.° Kennedy‘ reported a ratio of approxi- 
mately seven to one in 157 cases at the Mayo Clinic. 

No more is known about the etiology of hyperthyroidism in children than 
in adults. Pierce® dismissed the subject by saying that no definite etiologic 
agent was known. While this is true in a strict sense, certain predisposing or 
exciting factors are recognized and must be given consideration. There is 
evidence that heredity may play an important part, as in the family reported 
by Climenko and cited by Dinsmore,’ inf which the mother, two daughters, and 
a child of each daughter, one a boy and the other a girl, had the disease. In 
some cases hyperthyroidism seems to follow infectious disease, and occasionally 
psychic trauma has appeared to be the causative agent. Bram® stated that rare 
incidence of psychic trauma as a factor in children is in direct contrast with 


1 


the history of the disease in adults, in whom psychic trauma appears to be of 


* Read before the Southern Surgical Association, White Sulphur Springs, W. Va., 
December : f 1948. 
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great significance. Edgren' called attention to the striking frequency with 


which an infection seemed to be the precipitating cause of hyperthyroidism in 
the young. The question has been raised frequently in the past as to whether 


the widespread use of iodine in children to prevent endemic goiter 


may not 
occasionally be the cause of exophthalmic goiter. Recent investigations sug- 


gest that some goitrogen in food or drugs may be responsible 


\ very important point is that the hyperfunctioning thyroid gland in chil 
dren practically always manifests diffuse hypertrophy and produces the same 
clinical picture, namely, exophthalmic goiter. No case of adenomatous goiter 
with hyperthyroidism has ever been seen at the Mayo Clinic.'’ The gland is 
moderately and rather symmetrically enlarged and 1s usually firm in consistency 
throughout its entire substance. Microscopically, the gland shows diffuse 
parenchymatous hypertrophy and hyperplasia. The normal low cuboidal cells 


of the follicular epithelium are replaced by high cuboidal or columnar cells, and 
the epithelium manifests infoldings and papillary projections into the acini. 


The iodine content of the gland is greatly reduced. 

The symptoms of hyperthyroidism in children are analogous to tl 
adults with exophthalmic goiter. The onset may be gradual or sudden, with 
nervousness or irritability frequently the initial symptom. Someti 


teacher is the first to detect that the child is ill because of deterioratio1 


nes a 


school work. Tachycardia, exophthalmos, goiter and tremor are almost con 


stantly present. Other symptoms 


are increased appetite, heat intolerance, 
: - 1 . " al ¢ Se ] 
sweating, increased pulse pressure, weakness, loss of we gent, dyspnea 


gastro-intestinal disturbances. The pulse rate may be as high 


minute, and the systolic blood pressure may rise to 190 mm. Hg with 
increase in the diastolic pressure. Thrills and bruits can often 


the gland and heart. Several authors have reported skeletal development exceed 


he cle tecte ra over 


ing that which is normal for the patient’s age, and others have mentioned 
delayed or diminished sexual development. When these children grow unusu 
ally rapidly, their heights ultimately are not greater or less than the average. 


\lthough the disease is usually severe in children, crises do not occur as 


frequently as in adults. The course of the disease is characterized by periods 
of remission and exacerbation, and in rare instances it is self-limiting, The 


longer the duration of the disease, the more deleterious are its effects upon 
the child. 


It is evident that the early diagnosis of a condition in which profound meta 
bolic and nervous disorders are present is of the greatest importance. Never- 
theless, while the clinical picture of hyperthyroidism in children is typical, the 
diagnosis often is not made until late in the disease, probably because the 


condition is so rare that the clinician is slow to consider it as a possibilitv. 


The determination of the basal metabolic rate, so useful in diagnosis in adults. 
is of questionable value in a nervous and often unco operative child. Lahey’ 
has recommended a method of determining the basal metabolic rate developed 
by Bartels. He has found that under pentothal anesthesia falsely elevated rates 


are not obtained. This method should prove useful in children. Blood-choles- 
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terol determinations are of limited value. A high result rules out hyperthyroid- 
ism but a low reading is not a reliable confirmatory sign. In the absence of 
dependable laboratory data, the diagnosis must rest on the history and physical 
findings 

For many years subtotal thyroidectomy has been the generally accepted 
treatment for hyperthyroidism, even though it has been recognized that this 
procedure, while giving symptomatic relief, does not correct the primary 
underlying cause. There is disagreement as to the amount of thyroid to be 
removed in a child, and aiso as to the frequency of persistent hyperthyroidism 
and myxedema after operation. Welti!® stated that very wide thyroidectomies 
are necessary in children and can be expected to yield, in general, better results 
than in adults. Welti’® and Nixon," citing Means,’ favored thyroidectomy at 
least as radical as in adults, because of the high rate of recurrence and _per- 
sistent hyperthyroidism in children. Cattell,’® Dinsmore* and Abbott,!* on the 
other hand, emphasized the frequency of myxedema postoperatively, but 
Kennedy‘ stated that postoperative myxedema rarely occurs. It is probably 
true, as Pemberton and Black" have stated, that relatively the same amount of 
thyroid tissue should be removed in a child as in an adult. Recurrence or 
myxedema is not an uncommon postoperative manifestation, but, according to 
these authors, there is no indication that the preservation of more or less of the 
gland would give more uniform results. 

Before 1923 the operative mortality in children with hyperthyroidism was 
about g per cent. This rate was achieved by careful preoperative preparation 
and multiple-stage operations. After Plummer introduced the use of Lugol's 
solution as part of the preoperative treatment in 1923, the operative mortality 
dropped to approximately 2.5 per cent without resort to multiple-stage 
yperations. 

Without dwelling on the involved and obscure nature of the pathologic 
physiology in exophthalmic goiter, it should be mentioned that the beneficial 
effects of the administration of iodine in this condition are probably due to 
inactivation of the thyrotropic hormone, which in turn produces a lowering 
of the basal metabolic rate, an amelioration of symptoms and regression of the 
pathologic process in the thyroid gland. Means!’ found that the fall of the 
basal metabolic rate averaged 3.5 points a day on adequate iodine medication. 
The regressive changes in the gland consisted of reduction of hyperplasia and 
increase of colloid. While the effects of iodine in exophthalmic goiter are most 
striking, it was never seriously considered as a substitute for surgery but only 
as a means of making surgery less dangerous. 

The introduction of thiouracil by Astwood in 1943 aroused the hope that 
this drug might prove a welcome substitute for surgery in the treatment of 
hyperthyroidism. The pediatric literature abounds with statements expressing 
this hope and emphasizing the importance of avoiding any actual loss of the 
substance of the gland, because the future growth and development of the child 
are so dependent on thyroid activity. The implication of these articles was that 
children who have had subtotal thyroidectomy do not develop normally, but this 
is not borne out by the facts. 


633 








JOHN H. LYONS ~ f Surgery 


Since the introduction of thiouracil several other thioureas have been tried 
in the treatment of hyperthyroidism. All are capable of reducing the basal 
metabolic rate to normal if given in sufficient quantity and of producing myx- 
edema if given in large enough doses over a long period of time. According to 
various authors, the rate is reduced from 1.2 to 0.5 per cent each day. The rate 
of reduction is influenced by the type of hyperthyroidism, the duration of the 
disease, whether or not the patient has been on iodine and the geographic 
location. These drugs act by inhibiting the production of thyroxin. They 
probably also stimulate, either directly or indirectly, the production or liber- 
ation of thyrotropin by the pituitary gland, which accounts for the hyperplasia 
in the thyroid—always present when these drugs have been administered for 
any length of time. In other words, these drugs reduce the basal metabolic rate 
to normal and ameliorate the symptoms but they do not. change the histo- 
pathologic picture; the gland remains diffusely hyperplastic, and resection of 
such a gland is most difficult because of friability, uncontrollable bleeding and 
difficulty of exposure. These disadvantages can be corrected by administration 
of iodine with the thiourea. 

Propyl thiouracil is the least toxic of the thiourea derivatives that have been 
elaborated, but even it cannot be used without risk. All of them are capable of 
causing fever, rash, leukopenia, agranulocytosis and even death. Gargill'® 
found toxic symptoms in 15 per cent of 6,800 patients with hyperthyroidism 
P Jartels.-! Crile.“ \stwood 
and Van der Laan*’ include 494 cases of hyperthyroidism treated with propyl 


treated with thiouracil, and the reports of Reveno,? 


thiouracil with toxic symptoms in 1.2 per cent. 

Another objectionable feature of these drugs is their possible carcinogenic 
action. The hyperplasia which they produce in the thyroid gland approaches 
malignant change. Gorbman,** after prolonged feeding of thiourea to mice, 
found thyroid cells in the veins of the thyroid gland and small islands of 
thyroidlike cells in the lungs. These aberrant cells showed many mitotic figures. 

The hope of the pediatricians that thiouracil, or the safer propyl thiouracil, 
would prove a substitute for surgery has not been realized. In the first place, 
when basal metabolism has been reduced to normal and the drug discontinued, 
hyperfunction of the gland will usually recur after a variable period. This is 
to be expected, since the diffuse hyperplasia present in the gland has not been 
reduced by the action of the drug. There are too few reports of treatment of 
hyperthyroidism in children with thiouracil or propyl thiouracil on which to 
base an opinion, but the rate of relapse in adults after discontinuing the drug 
has been reported to be from 20 to 80 per cent, and there is no reason for 
believing it would be lower in children. 

Control of hyperthyroidism by continuing to administer thiouracil or propyl 
thiouracil indefinitely is certainly not to be recommended. Prolonged treat 
ment with these toxic drugs may cause the child to develop into a neurotic, 
unstable individual; furthermore, it exposes him to the risk of drug fever. 
eruptions, leukopenia, agranulocytosis and even death. 

There have been very few reports of the treatment of hyperthyroidism in 
children by irradiation. Rose, Rose and Pendergrass” reported ten cases with 
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failure in two. This form of treatment has had an extensive trial in adults 
and has been largely abandoned and would in all probability be no more 
successful in children than in adults. 

Radioactive iodine is the most recent therapeutic agent to be tried in thyro- 
toxicosis, but its use in children must be condemned for several reasons. In the 
first place, this form of treatment is followed too frequently by myxedema. 
Haines," at the meeting of the American Goiter Association held in May, 
1948, reported 35 cases of exophthalmic goiter treated with radioactive iodine. 
\Myxedema developed in five. It is not known definitely whether or not the 
amma rays that are introduced are carcinogenic, or what their effect may be 
on other parts of the body, notably the kidneys, Mayo Soley,” at the same 
meeting, stated that it may be as much as 25 years before the end results of 
treatment of exophthalmic goiter with radioactive iodine are entirely known. 

Because of the failure of thiouracil and related drugs to live up to the 
expectations of the pediatricians, the uncertain results of r entgenotherapy, and 
the dangers associated with the use of radioactive iodine, subtotal thyroidectomy 
remains the best treatment for hyperthyroidism in children. Careful prepara- 
tion must precede operation if it 1s to be carried out with safety, and the 
problem of preparing children is different from that in adults. In the latter, 
hyperthyroidism may be associated with diffuse hypertrophy or with 
adenomatous goiter, but in children it is always associated with diffuse hyper- 
trophy. Fortunately, it is this type of hyperthyroidism which responds best 
to iodine. 

In recent years, because of the intense interest in thiouracil and related 
drugs, and the enthusiasm over the possibility of these drugs supplanting 
surgery, we have overlooked the great value of iodine in preparing patients 
with hyperthyroidism for operation. It has been largely replaced by propyl 
thiouracil but is still used to prepare the patient with a mild form of the disease, 
and is administered in more severe cases after propyl thiouracil has brought 
the basal metabolic rate to normal, or in conjunction with propyl thiouracil 
throughout preoperative treatment to make operation less difficult and less 
dangerous. 

It is my firm conviction that iodine is the drug of choice in preparing chil- 
dren with hyperthyroidism for operation and that propyl thiouracil should be 
used only in those cases in which iodine fails to reduce the basal metabolic 
rate and allay the symptoms so that a single-stage thyroidectomy can be car- 
ried out safely. There are three reasons for my conviction: first, the type of 
hyperthyroidism always present in children, namely diffuse hypertrophy, 
responds especially well to iodine ; second, the child can be much more rapidly 
prepared for operation with iodine than with a thiourea derivative; and third, 
iodine is a safe drug, while thiouracil and even propyl thiouracil are potentially 
dangerous. 

The number of cases of hyperthyroidism treated at the Children’s Hospital 
in Washington, D. C., in the last 13 vears has been small (eight). However, 
the fact that this number represents all the patients with this condition admitted 
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to one of the largest children’s hospitals in this country within a considerable 
number of years should furnish justification for summarizing them. briefly. 
The ages of the eight patients were as follows: one 12 years old, one 11, 
two 10, and one 9, one 8, one 3 and one 2. Six of the eight children were 
females, two were males; four were white, three were Negro and one was 
Chinese. The relatively large number of Negro children in this series is in 
contrast to Dinsmore’s series of 57 which included only one Negro child. 

\ll the patients presented the picture of severe hyperthyroidism on admis- 
sion in spite of the fact that all of them had been under treatment before 
coming to the hospital. For the eight children the average pulse rate was 132 
per minute ; their average basal metabolic rate was plus 39, and their average 
blood cholesterol was 161 mg. per cent. 


One of the patients, the Chinese gir 


~ 


1, who was two and a half years old, 
died in thyroid crisis 22 hours after admission. One child was kept in the 
hospital long enough to complete a diagnostic study, but then was discharged 
because of a measles quarantine. She was to return for treatment later but 
tailed to do so. Another patient was treated with propyl thiouracil for one 
year and did not come to surgery. 

The other five patients were operated on without mortality. Four were 
prepared with iodine, to which they responded well, and then went through 
operation satisfactorily. The preoperative preparation of the remaining patient, 
a three-year-old white girl, was started with propyl thiouracil. This, however, 
had to be discontinued in two weeks as a rash appeared and her white-cell 
count dropped to 2,000 with 2 per cent polymorphonuclear leukocytes. The 
patient was then given Lugol's solution and three weeks later a subtotal thy- 
roidectomy was carried out successfully. 

Of the six patients who were treated at Children’s Hospital, five with 
subtotal thyroidectomy and one with thiouracil, five are still alive. One boy on 
whom thyroidectomy was performed at ten, died suddenly six years later 
while apparently in excellent health. The coroner gave as the cause of death, 
“acute congestive heart failure and chronic endomyocarditis.” 

The five living patients who received treatment were brought back to the 
hospital recently for physical examination and estimation of basal metabolic 
rate; their histories were also brought up to date. The four on whom subtotal 
thyroidectomy had been performed had remained well since operation and none 
showed any symptoms of hyperthyroidism. The basal metabolic rate was 
normal in every case. Physical examination revealed that the eyes of all of 
them were a little larger than normal and that two of the four had a slightly 
increased amount of body hair. Two of the girls had attained the age of 
puberty and both had normal menstrual histories and one had married and 
had a normal baby. 

The girl who had been treated with thiouracil is now 15 years old. She is 
apparently well developed, with normal eyes and no increase in body hair, but 
her menstrual flow has been excessive at times, and four basal metabolism tests 
vielded rates between minus 17 and minus 28. 
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This small series offers further evidence that preoperative preparation 
with iodine and subtotal thyroidectomy constitute the most satisfactory treat- 
ment of hyperthyroidism in children. No child so treated, even after an interval 
of many years, has symptoms of either hyperthyroidism or myxedema. One 
child reacted unfavorably to propyl thiouracil used preoperatively ; another, 
whose hyperthyroid symptoms responded to thiouracil has since become myx- 
edematous and has menstrual difficulties. The results of treatment in this series 
are in general agreement with those of more extensive series in the literature 
and justily the opinion, which | hold, that subtotal thyroidectomy preceded 
hy administration of iodine is the safest and most successful procedure for 
hypertl yroidism in children. 
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Discussion.—Dr. Ricuarp B. Carte! 


Boston: Doctor Lyons was kind enough to 
send me his paper in which I was very much interested. He has raised a number of points 
with which I have only minor disagreement. In the first place, we might quote the 
incidence of hyperthyroidism in children in a little different way. He quoted it as 0.001 
per cent of all admissions to the Children’s Hospital. In our clinic, of all patients coming 


1 


to us with hyperthyroidism, approximately 1 per cent are children 13 years of age or 
younger. It is quite important, I think, in quoting series, to be sure that the age limitation 
is quoted, because the incidence at age 14 and 15 is considerably above that. 

[ reported our cases from the Lahey Clinic in 1933, and Doctor Hurxthal of our 
medical department told me recently that we had had somewhat in excess of 150 of these 
patients under 13 years of age before 1943. Since that time, as you know, Astwood intro- 
duced the use of the antithyroid drugs, and Doctor Bartels has recently reviewed our 
first series of 1000 patients with hyperthyroidism prepared with these antithyroid drugs, 
between May, 1943, and October, 1947 (the number now is in excess of 1500). During 


1 
} 
| 


this time there were 12 patients in 1000 who were 13 years of age or younger with hyper- 


thyroidism. Doctor Lyons has called attention to the fact that nowhere in the literature 
is there a report of a patient with hyperthyroidism without hyperplastic or exophthalmic 
goiter. We have one such patient, previously reported by Doctor Bartels, a child born a 
cretin with a nodular goiter who, at the age of 9, developed hyperthyroidism and now is in 
total myxedema controlled by thyroid extract 

The diagnosis of hyperthyroidism in children is the same as in adults, and all we 
need do is think of the diagnosis as a possibility in children. But may I call attention to 
one feature which is frequently missed in consideration of this problem, that is, the prob- 
lem of growth. In most papers on this subject the question is raised of leaving enoug 
thyroid to make possible normal growth; but we must not forget the fact that in the 
presence of hyperthyroidism the rate of growth between the ages of 9 to 13 is two to 
three times that in the normal individual. If you wish to treat patients with hyperthy 
roidism during this age period by conservative medical measures you will have some 
“giants” in the family that you would not otherwise have had. This question of growth, 
and rapid growth, particularly the closing of the ossification centers at an early period, is 
an important consideration in deciding whether to treat them medically or surgically. 

Of our first 150 patients, only one died—that was a first stage operation more than 
20 years ago—and I believe the reason for the low mortality was Doctor Lahey’s insistence 
that stage operations be done. That problem has now changed, and in this we disagree 
somewhat with Doctor Lyons’ conclusions. He has said there are three reasons for the 
use of iodine and subtotal thyroidectomy ; good response, more rapid response and safety. 
To be sure, the use of propylthiouracil is dangerous unless carefully controlled. The 
incidence of reactions to this drug in our cases as reported by Doctor Bartels is 1.2 per 
cent. Seven of our I2 patients were prepared with thiouracil, and 5 with propylthiouracil, 
but there were no reactions in this group. 

[ would like to point out that those children prepared with iodine alone have rapid 
pulse rates that are alarming, they perspire freely and use a large amount of oxygen 
Why not utilize this drug that has been well demonstrated to reduce the toxicity of the 
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patient to a nontoxic state, so that subtotal thyroidectomy can then be performed with 
the greatest of safety? The 12 patients I am reporting were operated upon without 
mortality 

Dr. T. C. Davison, Atlanta: This to me is a most interesting subject, as 1 have had 
some experience with children with hyperthyroidism. I wish to present a case on which, 
fortunately, | have preserved the stages of the child’s development in photographs. 

Slide No. 1 shows a child aged 7, with marked exophthalmos and a small goiter. 
ild was seen by me when I was in the home to see the mother who had gallstone 
colic. At first glance I said to the mother—“Your child has a goiter.” She said, “Yes, I 
know she has.” She was under treatment by a prominent pediatrician whom she men- 
tioned. I should have stopped there, but I asked what was being done for her. He was 
eiving her iodine, and I asked how much. “Five drops, three times a day.” “How long 
has she been taking it?” “A year and a half.” “When did he see her last?” He had 
seen her only once and failed to tell the mother to bring her back to see him or to tell her 
when to stop the treatment. 


j 


This cl 


| think this child’s hyperthyroidism, and the hyperplastic thyroid gland, was due to 
too much iodine over a too long period of time. I think this would come under the head of 
“the use and abuse of iodine.” This child probably had a congenital goiter, I do not know 
what type, but when I saw her she had a typical hyperplastic hyperthyroidism with 
exophthalmos ; she was nervous, couldn’t sit still, and the teacher had sent her home from 
school because she was too nervous to be in school. 

\fter | had operated on the mother for gallstones, I took the child in hand. She was 
a typical hyperthyroid with a pulse of 140+. This graphic chart which is dated 1922—26 
years ago when the child was 7—shows the basal metabolism to be +40; she couldn’t sit 
still and she acted like a bug on a hot stove. I stopped the iodine for three months and 
then started her back on it again to reduce her toxicity. Iodine was the only antithyroid 
available at that time as we did not have the thiouracil drugs then. I then operated and 
removed what I considered to be approximately 75 per cent of the hypertrophied, hyper- 
plastic thyroid gland. This is very important, gentlemen; do not ever remove too much 
thyroid gland in a growing child. The thyroid gland is necessary for growth, and 
remember that this child’s gland had been stimulated by too much iodine over a too long 
period of time, whipping it up and fanning it into a flame resulting in a hyperplasia and 
thyroid toxemia. I left what I estimated to be 25 per cent of the gland and this next slide 
shows the child six months after operation. I believe that portion of the gland which I left 
underwent atrophy and the child gradually became myxedemic. Now, looking at this 
picture we can see slight evidence of beginning myxedema, but I did not detect it at that 
time. She had just passed her eighth birthday, she looked pretty well, and the family was 
apparently happy with the result. I lost sight of her for several years, or until she sus- 
tained a fracture of the leg and I was called to see her, and I received a real shock to see 
such a change in the child. 

This next slide shows a typical picture of myxedema. You would hardly believe this 
was the same little girl shown in the previous pictures. Notice the full round face with no 
expression, the coarse straight hair, the dry skin, and the thick neck like a Jersey bull’s 
neck. She was not doing well in school. She had grown very little in height, but had 
become very fat, and the family thought it perfectly natural for her to be this way. I was 
distressed and, after treating the fractured leg, I made an agreement with the mother that 
if she would bring the child to my office once a month for the next several years I would 
make no charge for it. 

[ put her on thyroid extract and this next slide shows the child one year later. In one 
year’s time she gained five inches in height, lost 19 pounds in weight, developed secondary 
sex characteristics, began menstruating and passed two grades in school in one year. 
| may have underestimated the quantity, but I was sure that I had left 25 per cent of the 
gland, but I did not count on that portion of the gland which was left undergoing atrophy. 
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In treating adults for exophthalmic goiter I frequently remove the entire gland, 
adult needs very little thyroid tissue and can usually do without 


Ss 

tS 
p4 
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myxedema develop. We often see myxedema in individuals who have never had thyroid 
surgery 

[ have cperated on other children for hyperthyroidism and left approximately 25 
cent of the gland, and in some cases the child either did not fully recover from the symp- 
toms or shortly thereafter developed recurrence of symptoms. In a true case of hyper 
thyroidism the entire gland is involved and when you leave Io or 25 per cent of the gland 
you have left the patient just that much hyperplastic tissue and you are almost certain to 
have a recurrence of symptoms. 

[ have recently operated on one patient the second time, after a period of four years 


I had operated the first time when she was 12, leaving approximately 25 per cent of the 


25 | 
gland; she never fully recovered and I had given her thiouracil for a year and then lost 
sight of her. Her physician sent her back to me when she was 10%, with recurrence of 
all her symptoms, marked tachycardia, an enlarged heart with decompensation; she was 
so ill that she could not attend school. After proper preparation I did a total thyroidectomy 

This last slide shows the first patient as a young lady, now grown, and you will notice 
from the ring on her finger that she is married, and she now has a child of her ow: 

Dr. FraAnK H. Laney, Boston: I would not inflict two people from the same clink 


on you if I did not want to bring something to you which I think is of value in the 
problem of managing patients with hyperthyroidism with the antithyroid drugs. We are 
going to have to use these antithyroid agents on children as well as on adults, and it 


children as well as in adults there will be a group of patients who are sensitive to the 


S¢ 
agents. For this reason I wish to review our experience with alternate drugs in patients 
who are sensitive to any one of the antithyroid agents 

We now have in the clinic five agents available to bring the metabolism to normal in 


patients with hyperthyroidism. We have thiouracil in 600 mg. doses; we have propyl 


thiouracil 1 


1 200 mg. doses for primary hyperthyroidism and 300 mg. doses for toxi 


| x 1 
adenoma; we have methylthiouraci! in the same doses; we have aminothiazole with a dos« 
of 600 mg., and we now have another antithyroid agent which has not been used ch as 


yet, that is 2-mercapto imidazol. We do not as yet have enough data on methylthiouracil 
or on aminothiazole and, certainly, almost no data as yet on 2-mercapto imidazol, as to 
what the incidence of complications is or what the effectiveness is. We have a large 


amount of data available on the complications witl 


thiouracil and with propylthiouracil, 
and we are trying, in the large material we have at hand, to find out what the complication 
figures are with these various groups. 

We have now had something over 1500 consecutive patients with hypert 
either of primary or secondary variety, and have employed all these agents in preparing 
this group for subtotal thyroidectomy. Most of our experience has been with thiouracil, 
propylthiouracil and not methylthiouracil 

We have learned that if a patient is sensitive to thiouracil we can often change to 
propylthiouracil, to which he may not be sensitive, and complete the reduction of the 
metabolism to normal ; that if he is sensitive to propylthiouracil we can change to methyl- 
thiouracil and reduce the metabolism; that if he is sensitive to all three we can use amino 
thiazole. I wish to report a recent case in which the patient was sensitive to thiouracil, 
propylthiouracil, methylthiouracil and aminothiazole, in whom we were able to bring the 
metabolism to normal with 2-mercapto imidazol 

Doctor Bartels, who has charge of the preparation of these patients, has now received 
from outside sources two reports of fatalities from agranulocytosis with the use of propyl 
thiouracil. It is important to bring this danger before the public, because there is too 
general an attitude that it is not possible to produce agranulocytosis of a serious nature 
with propylthiouracil. I would like to stress again that any agent that will reduce the 


metabolism is capable of depressing bone marrow in certain cases, and that precautionary 
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white cell counts must be done, we believe, in all cases. I believe also that I should call 
attention to the fact that if the white cell count drops to 4,500 and the differential to 45 
per cent, it is time to stop. We know that at whatever point it stops it will still progress 
downward, and we prefer to stop in time rather than when the differential has been 
reduced to 25 per cent and the white cell count to 2,500, and then see both progress to zero. 

Finally, | would like to remind you about our experience with the use of the anti- 
thyroid agents in children, which we have published, and in which we said that the full 
pen that you give adults may be given to children, and that they may be treated on the 
same basis as are adults. 


Dr. Joun H. Lyons, Washington (closing): I just want to say that the age limit 
it Children’s Hospital is 12, which may account for the low incidence among the admis- 
sions. And I want to thank Doctor Cattell, Doctor Davison, and Doctor Lahey for their 


discussions 
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FROM THE DEPARTMENT OF SI RGERY, THE LAHEY CLINIC, BOSTON, MASS 


THYROGLOSSAL cysts and their associated sinuses or fistulas constitute one 


of the most frequent pathologic conditions encountered in the neck. Ina study 


of patients with the various tumors. cysts and sinuses of the neck, ¢ xcluding 
lymph-node enlargements, seen in the Lahey Clinic over a number of years, 
thyroglossal cysts and sinuses constituted 40 per cent of this group. We have 


operated on 348 patients with cysts or sinuses arising from the vestigial rem- 


nants of the thyroglossal tract, which passes from the foramen cecum at the base 
of the tongue to the isthmus of the thyroid gland. We have been able t 
310 of this gr up of 348 patients who have been treated surgically, 


report comprises a study of these 310 cases. 


» foll mW 


The thyroid gland is developed from a median diverticulum which a 
about the fourth week in embryo on the summit of the tuberculum impar, whic] 
soon after forms an invagination of the buccal epithe’11m just behind t! 


na tne 
tuberculum impar. This thyroid invagination passes down the neck, and its 
lower portion gives rise to the thyroid gland. The upper end may remain 


patent ; it opens at the foramen cecum and is lined with pavement cells. The 
middle portion of the tract usually atrophies but may persist as a canal lined by 


columnar or ciliated epithelium ; occasionally the epithelium may be squamous. 


The upper part of the tract, if it remains patent, forms the lingual duct, while 
the lower portion from the thyroid isthmus to the hyoid bone forms the thyroid 


duct. Toward the latter half of the second month of embrvo life. the dev loping 
hyoid bone divides the thyroglossal tract into these upper and lower portions. 
Usually this tract atrophies and disappears at the end of the eighth week 


~ os 


Isolated rests of cells may persist along this tract and may give rise to a tumor 


which has the structure of the thyroid gland and which may present at the 


foramen cecum as in lingual thyroid, of which we have had three. or form 


cystic cavities lined with columnar epithelium and often containing thyroid 
follicles in the wall. Ewing! has stated that the thyroglossal tract, when 
squamous-cell epithelium is present, is a rare source of dermoid cyst. We have 
had several such dermoid cysts arising in the thyroglossal tract in this series. 
Ewing further stated that dermoid cysts in the middle of the tongue are prob- 
ably derived from portions of the thyroglossal duct. Thyroglossal cysts devel- 
oping in this tract may have an external opening in the neck either from spon 
taneous rupture or following incision and drainage of an abscess, thus forming 

* Read before the Southern Surgical Association, White Sulphur Springs, W. Va., 
December 7, 1048. 
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a thyroglossal sinus, or may even produce a fistula if there is open communica- 
tion at the foramen cecum. 

The thyroglossal tract is firmly adherent to the hyoid bone and it is this 
adherence or involvement of the hyoid bone that makes it necessary to remove 
the central portion of the hyoid bone to prevent recurrence of the condition. 
There are several theories as to the involvement of the hyoid bone. Ewing and 
Fraser” stated that the thyroglossal tract passes down in front of the hyoid bone 
but is adherent to it. Sir Arthur Keith® believes that the hyoid bone develops 
in the course of, and interrupts the continuity of, the thyroglossal tract, so that 
the position of the thyroglossal duct may vary in relation to the hyoid bone. 

A thyroglossal cyst or sinus may be found at any level in the midline of the 
neck from the foramen cecum to the suprasternal notch, but the majority occur 
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just below the hyoid bone. Of 310 operated cases followed, 61 occurred above 
the hyoid bone. It is also true that most cysts and sinuses occur in the midline, 
but it is well to remember also, as Bailey* has emphasized, that cysts at the level 
of the thyroid cartilage may be situated to the left of the midline. He has 
pointed out that the levator glandulae thyroideae in the majority of cases is 
found on the left side of the cartilage and one may, therefore, expect a cyst 
developing at this level to be on the left side of the neck. 

Thyroglossal fistula or sinus is very rarely a congenital condition. Sir John 
Bland-Sutton® believes that they are never congenital. Bailey stated that in a 
review of 32 cases he found only two fistulas present at birth. In this series of 
310 cases, of which 93 (30 per cent) were sinuses, we found no record of any 
sinus noted at birth. Most sinuses develop from spontaneous rupture or incision 
of an abscess resulting from inflammation arising in the cyst. 

Gross and Connerly,® in a report of 198 cases, stated that 15 per cent were 
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sinuses but did not record if any of the sinuses could be classified as strictly 
congenital. Gross and Connerly reported that 29 per cent of their thyr glossal 
cysts were present at birth and 76 per cent were noted before the sixth year, but 
as their study was made from material in a large children’s hospital, one would 
expect a high percentage of these to show symptoms in early childhood. In our 
series of 310 operated cases, 28 patients, or 9 per cent, had cysts which were 
first noted in infancy (less than one year) and 111, or 37 per cent, had symptoms 
before the age of 10 years, in contrast to Gross’ series; 68.4 per cent in this 
series first noted symptoms before the age of 30 (Fig. 1). Our hospital admis- 
sions, on the other hand, are largely adults rather than children. Thyroglossal 
cysts or sinuses, as it appears from this study, may make their first appearance 
at any age. 

Patients with thyroglossal cysts and sinuses may be seen for treatment at 


any age. In the largest group in this series, however, the cysts occurred before 


TABLE I.—Sex Distribution 


Lahey Clinic Pembert 


Series Ser} 
Cases Per Cent Per Cent 
Females...... ‘ , 3 56 33.8 
Males....... 137 44 66.2 
_ ae 310 


the age of 41 years (227 of 310, or 73.2 per cent; Fig. 2). The patient may not 
come to the physician for treatment until some months or even years after ; onl) 
48 (15.5 per cent) came for treatment before the age of 10 years, whereas 56 
per cent had surgical treatment before the age of 30 years. It is of interest, how 

ever, that these embryologic tracts will remain quiescent in the neck for years 
and then suddenly give evidence of their presence by forming a cyst; this 
development of fluid may be evidence of irritative phenomena, probably inflam- 


mation, which may well account for the sudden development of a cyst. That 
inflammatory changes do arise frequently is illustrated by the fact that approxi 
mately 50 per cent of patients give a definite history of inflammation before 
coming for treatment. Apparently these tracts or the epithelial cells lining 
them do not take on new growth or truly become neoplastic, and if this were 
true, one should more frequently see malignant disease developing in these 
tracts. We have had only one case of carcinoma developing in a thyroglossal 
tract in 310 operated cases. 

Thyroglossal cysts or sinuses apparently are slightly more common in 
females than in males. In our series of 310 patients there were 173 females 
(56 per cent) to 137 males (44 per cent; Table 1). One would expect a pre 
ponderance of females since thyroid disease is more common in women than in 
men. This is exactly the proportion of males and females noted in Gross’ series 
However, Pemberton‘ reported a marked difference in 293 operated cases, the 
percentages being 66.2 males to 33.8 females (Table I). 
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Our oldest patient was 75 years of age and there were 15 patients over 
the age of 61 years. It is probably not significant that only one patient was 
operated on during the first year of age, as our hospital admissions rarely 
include infants. However, if the cyst is small and does not enlarge or is sub- 
jected to recurring inflammation, it is probably wise to postpone operation until 
the child is older. It is probable that most of these patients will subsequently 
need radical removal. 

The diagnosis of thyroglossal cyst is not difficult. The presence of a firm 
cystic tumor in the midline of the neck at the level of the hyoid bone or over 
the thyroid cartilage is usually suffi- 


Lanty 
Cume 


cient, to make the diagnosis. Transil- 
lumination is of little use as few cysts 






are translucent. The complication of feremen 
= ae ° . . Cecum 
infection or drainage in a thyroglossal 
cyst may be confused with tuberculous 
pretracheal gland but these are rela- 
tively rare today and diagnosis must m. 
etablic! 1, hol ae : Mylohyoid 
be establishe Vy pathologic section: 
ye esta , pat ogic sectio Hyotd Bone 







Elevation of the tumor mass by swal- Hyothyroid 


lowing or protrusion of the tongue queen 
will help to make the diagnosis, and 
this sign is of value in distinguishing 
it from a true sequestration dermoid 
cyst occurring in the midline. Branch- 
ial cysts are lateral, occur under the 
sternohyoid muscles and usually de- 
velop later in life than do the thyro 
glossal cysts. Lipomas can be distin- 
guished by the distinct edge and lobu- 'f 
lation of the tumor, whereas the thyro- S 
glossal cyst is round and tense with- 


out edge and lobulation. Fic. 2. Sagittal section of the neck, 
showing the relationship of the thyroglossal 
cyst to the hyoid bone and the course of the 
glossal cysts and sinuses, as Sistrunk thyroglossal tract above the hyoid to the for- 
amen cecum. 


The successful treatment of thyro- 


pointed out in 1920, is the removal of 
every trace of the thyroglossal tract up 
to the foramen cecum at the base of the tongue (Fig. 3). Sistrunk® early real- 
ized that the majority of operations for cure were unsuccessful because this epi- 
thelial tract running from the cyst or sinus to the foramen cecum was not com- 
pletely removed. Such radical removal should include the central portion of the 
hyoid bone. Schlange,® in 1893, and Durham,'® in 1894, excised this central 
part of the hyoid bone and dissected the tract up to the base of the tongue, but 
Sistrunk'! went further and advised a method that would make certain the com- 
plete excision of the tract to prevent recurrence. The cyst and part of the tract 
below the hyoid bone can be dissected readily up to the hyoid bone but above 
this level the tract is so small and tenuous that traction will easily tear it off and 
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identification and subsequent removal are impossible. He made no attempt to 
isolate or identify the tract above the hyoid bone but advocated removal of all 
tissues in the course of and about the duct; he stated ‘“‘instead remove with duct 
all tissues surrounding it for /% inch on all sides.”” He suggested a “coring out 
of all tissue and muscle upward and backward to the foramen cecum in a line 
drawn at a 45 degree angle through the intersection of horizontal and perpen- 
dicular lines to the center of the hyoid bone” (Fig. 4). 
A transverse incision, 6 to 7 cm. in length (Figs. 5, 6 and 7) is made 
at the level of the hyoid bone or, if a sinus is present, an incision is made at the 
level of and about the sinus opening to 


8 permit excision of this area. When a sinus 
' rs is present, its course may be outlined by 
if > oo ‘eee se 
“\ cecum § injecting it with methylene blue. However, 
rd infiltration of methylene blue into the tis- 


sues after the incision is made may instead 
interfere seriously with following the 
course of the sinus. We have rarely used 
it and in most cases have found it to be 





unnecessary. The skin, subcutaneous tis- 

sue and platysma muscles are reflected, the 
Fic. 4.—Sagittal section of the sternohyoid muscles are separated in the 
tongue, showing the course of the midline, exposing the cyst, which 1s sep- 
thyroglossal tract from the hyoid bone 
to the foramen cecum (taken from 
Sistrunk ) membrane up to the hyoid bone, which is 


arated posteriorly from the thyrohyoid 


cleared of muscles, and a central portion, 
1 cm. in length, is divided by bone forceps and elevated with the cyst (Fig. 5). 
A “coring out of tissues” is made to include a portion of the median raphe of 
the hylohyoid and a portion of the geniohyoid and genioglossus muscles up to 
the foramen cecum (Fig. 6). The line of dissection can be made easier by plac- 
ing the index finger of the left hand in the patient’s mouth and pushing the pa- 
tient’s tongue at the foramen cecum upward and forward ( Fig. 8). If anesthesia 
is induced through a closed system by an endotracheal catheter, the anesthetist 
instead of the surgeon may identify the position of the foramen cecum and ele- 
vate the tongue with his index finger. The position of the anesthetist’s finger 
can easily be identified by the surgeon through the muscles of the floor of the 
mouth ; thus contamination is avoided and the use of the surgeon’s two hands is 
permitted to complete the dissection more easily. As both Sistrunk and Pem- 
berton have pointed out, we have seen no difficulty arise from removal of the 
central segment of the hyoid bone. 

In most cases it is not necessary to carry the dissection into the mouth and 
the dissection can be stopped before dividing the mucosa at the foramen cecum. 
No harm is caused, however, by the dissection entering the mouth. The muscles 
are brought together with fine plain catgut and the cut ends of the hyoid bone 
are approximated by sutures in the muscles and tissue adherent to the bone. A 
small rubber tissue drain is placed between the muscles at the level of the hyoid 
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hone and brought out between the sternohyoid muscles and skin incision, which 
is approximated with sutures of fine silk (Fig. 7). 

Cauterizing agents and sclerosing fluids are of no value in the eradication 
of thyroglossal cysts and sinuses. It is difficult to see how such agents can 
penetrate all the epithelial-lined tracts constituting the vestigial remnants of a 
persistent thyroglossal duct. These agents may make later radical removal a 





ic. 5—Operative technic. (Jnsert) The level of incision, (a) reflection 
of skin, subcutaneous fat and platysma exposing sternohyoid muscles; (b) 
exposure of thyroglossal cyst and hyoid bone; (c) dissection of cyst from 
thyrohyoid membrane; (d) excision of central part of the hyoid bone. 


more difficult technical procedure. Many of the patients in this group of 310 
cases had had previous operations with recurrence; 110 patients (35.5 per 
cent) had been operated on elsewhere before admission, 34 had had incision 
and drainage, 52 had had attempts at excision which did not include removal 
of part of the hyoid bone and 24 other patients had had multiple operations— 
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one patient had as many as six unsuccessful attempts at extirpation of the thyro- 
glossal cyst (Table II). 





Inflammation occurs frequently in thyroglossal cysts, and approximately 50 


per cent of the patients gave a previous history of redness and soreness over the 





MYLOHYOID mw. \\ \ THYROID 
\ CART 
| 
\ 4 
Y 
Fic. 6.—Operative technic. Anteroposterior view of 


dissection of thyroglossal tract ; the cyst has been dissected 
free from the thyroid cartilage and the thyrohyoid mem 
brane, the central part of the hyoid bone has been excised 
and the tract with the core of muscles—mylohyoid, genio 
hyoid and genioglossus—is excised through the tongue to 
the foramen cecum. 


TABLE II.—Previous Operation in 310 Patients 


Incision and drainage 34 | 


Excision... , 
Multiple operations 4 
110 3 r 


cyst. If inflammatory reaction is marked and has progressed to suppuration, 
it is much safer to make an incision, drain the cyst and postpone radical re- 
moval until all inflammation has subsided. In this series of 310 patients, 
incision and drainage was necessary in 15 cases before radical removal of the 





cyst and the thyroglossal tract could be carried out. 
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With an occasional exception, the radical operation has not been made more 
difficult by previous surgical interference inasmuch as the previous operation 
has almost without exception been done without attempts at removal of the 
hvoid bone, so that the more difficult part of the extirpation, that is, removal 
of the central part of the hyoid bone and the tract above the bone, has not been 
interfered with. In these cases the dissection above the bone can be carried out 
as readily as in the primarily operated cases. 


TABLE III.—Recurrence After Radical Removal 


Recurrence 
Cases Cases Per Cent 
Previous operation . 2 1 0.9 
No previous operation : 200 3 ia 
otal 310 4 1.3 





| 
| 
\ 


Fic. 7 


7.—Operative technic. (a) Approximation of the muscles of the 
ie and the hyoid bone; (b) suture of sternohyoid muscles with a drain 
placed deep to the muscles of the tongue. 


tong 


[In our experience, recurrences are related to nonremoval of the central 
portion of the hyoid bone and the tract above the bone. We have had four 
recurrences in 310 operations and in each instance the recurrence took place in 
cases in which the hyoid bone or the tract above the hyoid was not removed. 
We have had no recurrences when a thorough radical operation was carried out 
(Table IIT). One must emphasize the fact that radical and complete operation 
must be done even when involvement of the hyoid bone with the cyst or 
tract is not apparent to the operator if recurrences are to be avoided. We have 
been concerned with the problem of malignant disease developing in a thyro- 
glossal cyst or tract. However, we have had only one such instance of an adeno- 
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carcinoma arising in a thyroglossal cyst which, after radical removal, has not 
recurred after 17 years. Malignant degeneration apparently is quite uncommon 
and no mention is made of it in the literature on this subject. 

SUMMARY 


Thyroglossal cysts, sinuses or fistulas constitute one of the most common 
congenital anomalies arising in the neck and occur in the midline of the neck 


MD 
‘i \ Yip 
> 


A 





Fic. 8.—Sagittal section of the neck, showing the cours« 
of dissection of the thyroglossal tract ; the finger in the mouth 
indicates the position of the foramen cecum 


at any level from the base of the tongue downward to the suprasternal notch. 
Cysts are found more commonly below the hyoid bone than above it. 

Three hundred and forty-eight patients have been operated on in this clinic 
for thyroglossal ducts and sinuses. A report of their occurrence and the results 
obtained in 310 operated cases is given. 

Successful treatment of this condition is dependent upon complete removal 
of the entire thyroglossal tract, which must include excision of the central part 
of the hyoid bone plus the tract extending above the hyoid to the foramen cecum 
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There have been four recurrences following operation in 310 cases. All of 
these recurrences were related to nonremoval of the hyoid bone and tract above 


the bone 
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Discusston.—Dr. Witiiam H. Prioteau, Charleston, S. C.: Needless to say, I am 
agreement with Doctor Marshall’s able presentation of this subject. I rise 


only to point out one technical procedure which I have found of advantage on several 


In some cases the thyroglossal duct tract extends too low to permit its satisfactory 


removal through the incision outlined. In such cases a second, or even a third horizontal 


incision placed inferiorly to the first will permit its removal in a stepladder fashion and 


101 
avoid the unsightly scar from a vertical incision 


Dr. S. F. MARSHALL, Boston (closing): I would like to thank Doctor Prioleau for 
emphasizing the importance of variation of the incision, and if a sinus is present of course 
the incision has to be adapted to the level of the sinus, which also applies to the level of 
the cyst. I would like to reemphasize the great importance of removing the entire tract 
even in the face of no apparent adherence or involvement of the hyoid bone. If we cannot 
find involvement of bone or extension of the tract above the hyoid bone, it should be 
removed anyway because the tract may be so small that we cannot see it. Certainly 
the four recurrent cases that we had, have been related to this in two cases, and in 


the other two the fact that the tract could not be made out to involve the bone influenced 


the surgeon against removal of the central part of bone. 
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PRIMARY REPAIR OF SEVERED PAROTID DUCT 
REVIEW OF LITERATURE AND REPORT OF THREE CASES*| 
Ropert S. Sparkman, M.D. 
Dauias, Texas 
IN THE EXTENSIVE LITERATURE dealing with parotid fistula and delayed 
reconstruction of the severed parotid duct there are frequent references to the 
distressing situation of the patient who must contend with copious fistulous 
discharge of saliva. The notorious difficulty of successful repair of fistulae or 


of delayed reconstruction of the duct is attested to by the number and variety 
of corrective procedures which have been suggested.” 11% 17 [n a situation 
in which successful primary repair seems so desirable, it is surprising that so 
few such repairs have been reported. There are only nine reported instances 
of successful repair in which any details are given as to technic or outcome. 

In 1916 Schmieden! reported the primary suture of a severed parotid duct 
and stated that he had successfully undertaken a similar repair on a former 
occasion. Both operations were performed on the battlefield. The account is 
fragmentary and is not accompanied by any details of technic or information 
as to eventual outcome. This is thought to be the first record of an attempt at 
primary repair of the parotid duct. 

The first detailed account of such a procedure was contributed by Tees? 
in 1926 in a report of two cases of successful primary repair. In each instance 
anastomosis was accomplished over a segment of stiff number one catgut; 
two fine catgut sutures were used to maintain the ends of the duct in apposition 
In the first case the catgut dowel within the lumen of the duct was allowed to 
project into the mouth. In the second case the catgut dowel was short enough 
to be contained entirely within the duct, since it was felt that the catgut would 
undergo digestion. No follow-up was given. 

The report of Tees is the only one which deals with more than a single case 
Seven authors have each recorded one instance of successful repair. 

Dickinson? in 1920 used double-zero chromic catgut to suture the severed 
duct over a length of silkworm gut which projected into the mouth and was 
sutured to the oral mucosa just beyond the ostium of the duct. A gauze drain 
was placed in the wound. The silkworm gut inadvertently came out on the 
second day. An external fistula became apparent on the tenth day but closed 
after one month, and the patient appeared well after six months. 

Black and Flagge* in 1928 passed a ureteral catheter through the mouth 
into the two segments of the duct and approximated the severed ends with 
chromic zero catgut. One inch of the catheter was allowed to project intra- 
orally. The patient was maintained on a liquid diet for seven days and on the 
ninth day the catheter was removed. Subsequently a small collection of fluid 

* From the Department of Surgery, Southwestern Medical College, and the Parkland 
City-County Hospital. 


+ Read before the Southern Surgical Association, White Sulphur Springs, W. Va., 
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was aspirated from the cheek on several occasions. At frequent intervals over 
a period of several weeks the duct was catheterized in the hope that stricture 
at the site of anastomosis might thereby be prevented. Six months after injury 
there was no evidence of difficulty. 

In a very brief account in 1934 Hill® described the repair of a severed 
parotid duct with three equidistant sutures of double-zero plain catgut. A lac- 
eration in the parotid gland was repaired with the same material and a small 
rubber drain brought out one angle of the wound. A small salivary fistula per- 
sisted for ten days. After two months the wound remained healed and saliva 
could be seen emerging from the ostium of the duct. The omission of any type 
of dowel or intraluminal fixation in this procedure is notable. 

In 1935 Brohm and Bird® laid emphasis upon the importance of the dowel, 
but stated that it should not be large enough to occlude the lumen, since the 
saliva could better drain around than through it. They state: “The only 
feature that appears to offer any difficulty is the matter of fixation of the 
dowel.” In the case reported by them the duct was anastomosed with inter- 
rupted fine silk over a filiform urethral bougie which, after emerging from the 
ostium of the duct, was brought out through the cheek and sutured to the skin 
at its point of exit. The filiform bougie was removed after seven days. Primary 
healing was attained. Clear flow of saliva and absence of swelling of the cheek 
were observed over a period of five months. The authors directed attention to 
a technic described by Butler and Guinan‘ in a report of a secondary repair 
wherein an inlying ureteral catheter was anchored to the canine tooth of the 
upper jaw. It was suggested that the small range of to-and-fro movement of 
the catheter attendant upon opening and closing the jaw might be advantageous. 

Christofferson, Ajalet and Gradman,* in 1943, anastomosed the cut ends of 
the duct with interrupted fine silk sutures over a single strand of horsehair, 
which was taped with adhesive to the angle of the mouth. The dowel was 
removed on the seventh day. The wound healed by first intention and salivary 
secretion was noted from the second day. Convalescence was uncomplicated 
through a period of 80 days. 

In 1945 Wallace*® employed a technic similar to that of Dickinson,? with 
anastomosis over a strand of silkworm gut which was sutured to the oral 
mucosa. Sutures of interrupted cotton were used to approximate the duct. 
The silkworm gut was removed after seven days. Two weeks after injury the 
wound was healed and there was no swelling of the cheek. 

In 1947 Goodall and Flanders brought the total number of reported cases 
to nine in an account of successful repair of the duct over a ureteral catheter. 
Interrupted sutures of fine black silk were used to approximate the duct. The 
catheter was secured to the lower lip with tape and was left in place until the 
fifth day, during which the patient was allowed nothing by mouth. The wound 
healed without drainage and salivary secretion from the ostium was observed 
on the seventh day. A sialogram performed six months after injury showed the 
duct to be patent and disclosed no evidence of stricture. This is the only record 
up to that time in which sialography has been employed to establish proof of 
successful primary repair. 
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ANATOMY 

The parotid duct is most liable to injury as it traverses the surface of the 
masseter muscle (Fig. 1). 

Anatomic drawings commonly show an accessory mass of parotid tissue 
surrounding the duct in its masseteric portion. McCormack, Cauldwell and 
Anson!? were able to demonstrate such masses in only 19.7 per cent of anatomic 
dissections (15 of 76 cases). In three specimens double ducts were noted which 
united within two centimeters of the anterior border of the gland. 


CASE REPORTS 


Three cases of severed parotid duct were admitted to Parkland City-County 
Hospital between February 25 and July 14, 1948. Detailed case reports follow. 





GOMATIC M. 





TRANSV. FACIAL 
ARTERY 


Fic. 1.—Anatomy of parotid duct 


Case 1.—L. T., male, white, age 33. On February 25, 1948, the patient was struck 
in the left cheek with the butt of a broken bottle and sustained an extensive irregular 
laceration in the shape of an inverted V. The upper angle of the wound began over the 
midportion of the zygoma. One vertical limb extended down to a point just lateral to 
the angle of the mouth, and the other to the region of the midportion of the ramus of the 
mandible. Most of the wound involved the entire thickness of the cheek and communi 
cated freely with the oral cavity. There was lower facial paralysis. The wound was 
bleeding profusely. 

Repair was begun approximately two hours after injury, and was accomplished 
under local infiltration anesthesia with 1 per cent procaine. Because of the loss of blood 
into the oral cavity, the initial step consisted of closure of the oral mucous membrane 
with interrupted fine cotton sutures. The wound was then subjected to thorough 
cleansing, and the principal source of bleeding, from the transverse facial artery, was 
controlled. The superficial division of the masseter muscle, which was completely severed 
in its tendinous portion, was repaired with mattress sutures of cotton. The distal end of 
the severed parotid duct was clearly exposed for two centimeters of its extent. The 
point of its division was approximately one centimeter anterior to the parotid gland. The 
proximal end was identified by its profuse discharge of saliva. A number five ureteral 
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catheter was threaded into the distal end of the duct and brought out into the mouth. 
The butt end of the catheter was then cut on a bevel and introduced into the proximal end 
of the duct. Anastomosis of the duct was accomplished over the catheter, employing an 
atraumatic suture of number six-zero eye silk. Two initial interrupted sutures were placed 
opposite one another in the circumference of the duct and were subsequently used as guys. 
[wo small everting mattress sutures and four additional interrupted sutures completed 
the anastomosis. No sutures were allowed to penetrate the lumen of the duct. The 
catheter was then withdrawn from the duct through the mouth. The few fibers of the facial 
nerve which could be identified were so small that no attempt could be made to repair 
them. The wound margins were revised to accomplish the best possible cosmetic result, 
and the remaining layers were closed with interrupted fine cotton sutures. 





Fic. 2. (Case 1)—Sialogram eight months after repair of parotid duct. 
\pproximate site of repair is indicated by arrow. Apparent defect distally 
corresponds to point of passage of duct through buccinator muscle. 


For a period of three days subsequent to the operation the patient was allowed only 
liquids by mouth. This restriction of diet was dictated by the laceration of the masseter 
tendon rather than by the laceration of the duct. Penicillin (50,000 units) was admin- 
istered every three hours for three days. Saline mouth washes were employed at four- 
hour intervals. An ice bag was applied to the cheek during the first day. The initial 
diffuse swelling of the cheek regressed rapidly after two days. The wound underwent 
primary healing. The patient was dismissed from the hospital on the fourth day, by 
which time a flow of saliva had been observed from the ostium of the duct. 

Sialograms were performed on July 14, 1948 (four months after repair) and on 
November 3, 1948 (eight months after repair). On each occasion the duct was demon- 
strated to be patent, with no evidence of stricture. There has been progressive restor- 
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ation of facial movement. At the time of the last sialogram (Fig. 2) residual facial 
paralysis was negligible. 

Case 2.—F. M., male, Negro, age 22. On June 4, 1948, the patient received a vertical 
seven-centimeter knife wound of the left cheek situated over the midportion of the 
masseter muscle. Lower facial paralysis was present, and the 


"e Was profuse bleeding 
from the wound. Because of the location and depth of the wound, an injury of the 
parotid duct was suspected. Accordingly, while the patient was still in the emergency 
room, a number six ureteral catheter was introduced through the ostium of the left 
parotid duct, whereupon the tip of the catheter appeared in the wound. After establish- 
ment of the diagnosis the catheter was withdrawn 

Repair was undertaken three hours after injury, employing infiltration anesthesia with 


I per cent procaine. Bleeding from the transverse facial artery was controlled. The 
parotid duct was severed over the midportion of the masseter muscle, the tendinous por- 
tion of which was also partly divided. Following thorough cleansing of the wound. the 
tendon of the masseter muscle was repaired with interrupted cotton sutures. The ends of 
the divided duct were readily identified and were each dissected free for a distance of 
about five millimeters. Salivary secretion was observed from the proximal end of the 
duct. The butt end of a number four ureteral catheter was threaded into the proximal 
end of the duct and the tip passed through the distal end of the duct and recovered in 
the mouth. Anastomosis of the duct was then performed over the catheter, using six 
interrupted sutures and two everting mattress sutures of number six-zero atraumatic eye 
silk (see Case 1). None of the sutures penetrated the lumen of the duct. Upon comple- 
tion of the anastomosis, the catheter was withdrawn through the mouth. The few fibers 
of the facial nerve which were seen were thought to be too fine to permit repair. The 
wound was closed in layers with interrupted fine cotton sutures 

Following operation, the patient received 30,000 units of penicillin every three hours 
and was given mouth washes of dilute hydrogen peroxide. He was placed on a regular 
diet within 12 hours after repair of the duct. At no time was there significant swelling 
of the cheek. The first attempt to examine the ostium of the duct was made on the 
third day, at which time the flow of saliva could be observed readily. Primary wound 
healing occurred and the skin sutures were removed on the fourth day. The patient was 
dismissed from the hospital on the fifth day. On the 14th day, examination of the ostium 
of the duct again disclosed salivary secretion, and a sialogram demonstrated the patency 
of the duct. This patient has subsequently left the community and has been lost to 
further observation. 


Case 3.—J. W., male, Negro, age 25. On July 3, 1948, the patient was admitted 
in mild shock. His only injury consisted of a deep laceration of the left face which began 
just above the auricle and extended downward to a point one centimeter lateral to the 
angle of the mouth. Satisfactory response was obtained to the administration of plasma 
and whole blood. Repair was begun five hours after injury and was accomplished by 
Dr. Joseph M. Cox.* The parotid duct was severed over the midportion of the masseter 
muscle. The duct was repaired over a number four ureteral catheter, the end of which 
projected into the mouth. Two everting mattress sutures of number six-zero atraumatic 
eye silk were placed opposite one another in the circumference of the duct. The anasto- 
mosis was completed by two continuous sutures of the same material, each of which 
traversed one-half the circumference of the duct. No sutures penetrated the lumen. The 
catheter was withdrawn from the mouth at the conclusion of the anastomosis. Two 
smaller ducts from which saliva was exuding were observed. The distal segments of 
these ducts were not identified. The proximal segments were ligated with cotton. No 
attempt at repair of facial nerve fibers was undertaken. The wound was closed in layers 
with interrupted fine cotton sutures. The anesthetic agent was I per cent procaine by 
local infiltration. 


* Resident in Surgery, Parkland City-County Hospital, Dallas, Texas 
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Following operation, the patient was given saline mouth washes and 50,000 units of 
penicillin every three hours. He was allowed to take a general diet on the morning 
following operation. The wound underwent primary healing. On July 12, 1948 (ninth 
postoperative day) a sialogram was made and the patient was dismissed from the hospital. 

He was seen again four months after injury, when sialography was repeated. At 
each examination salivary secretion was observed to be coming from the orifice of the 
duct. Beginning restoration of facial movement was apparent. 

Both sialograms demonstrated patency of the duct, with questionable slight constric- 
tion at the site of anastomosis. However, the fact that the duct was not dilated proximally 
provides evidence that any constriction which may have existed did not constitute func- 
tional obstruction. 





Fic. 3. (Case 3)—Sialogram four months after repair of parotid duct. 
Double duct is visualized 


\n additional feature of interest was disclosed by sialography. A secondary duct, 
extending forward from a point near the anastomosis, was demonstrated running parallel 
to the major duct and joining it a short distance proximal to the ostium (Fig. 3). This 


evidently corresponded to one of the proximal segments ligated at the time of operation. 
DISCUSSION 

In discussing the problem of primary repair of the severed parotid duct, 
Goodall and Flanders’ make the statement that “success of the procedure 
seems to have depended on the use of an inlying dowel firmly fixed in place at 
the time of early débridement and on the anatomic structure of the duct which 
makes it suitable for suture.” It is probable that an additional factor is of 
salient importance in favoring a satisfactory restoration of continuity of the 
duct, to wit, the volume and pressure of the secretion of the parotid gland. 
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Thus, the same factors which tend to create a fistula in one situation may in 
more favorable circumstances tend to avert one by maintaining a large volume 
of flow along the lumen of the duct, even against mild degrees of obstruction. 
If this hypothesis is tenable, it would constitute an argument not only in favor 
of omission of a dowel but also for feeding the patient (as was done in these 
three cases), or for taking other measures to augment salivary secretion, 
rather than attempting to suppress it. The experience of the three cases under 
consideration would lead one to think that the importance of the dowel has 
received undue emphasis. Indeed, the partial obstruction created by some of 
the larger agents which have been utilized may have contributed to the develop- 
ment of some of the temporary fistulae which have followed attempts at repair 

Presumptive evidence of successful repair may be adduced from the follow- 
ing: (1) absence of swelling of the cheek; (2) absence of external drainage: 
(3) demonstration of salivary secretion from the orifice of the duct. It would 
be possible to argue that the first two circumstances could be attained either by 
complete occlusion of the duct (with cessation of function of the gland) or by 
development of an internal fistula. Moreover, the appearance of salivary 
secretion at the duct orifice could conceivably occur from accessory parotid 
tissues situated distal to the point of division of the duct. Incontrovertible 
evidence of the success of restoration of continuity of the duct can probably be 
established only by sialography. 

The experience in Case No. 3 of the discovery of an accessory duct, 
although doubtless an extremely uncommon situation, constitutes an indication 
that the wound should be searched for accessory ducts or for the escape of 
additional saliva following repair of the major duct. 

The problem of management of the associated facial nerve injury is one 
which merits special consideration. Seeley’® has stated “that while many cases 
of separate injury of the duct and facial nerve exist . . . it is more than likely 
that if parotid duct injury exists, peripheral nerve injury is also present, and 
vice versa. If a lacerating, penetrating, or avulsion injury involves the parotid 
duct, the buccal and zygomatic branches of the facial nerve will be involved.” 
One might add that the transverse facial artery is likely to be severed as well. 

Regarding the management of the associated injury to the facial nerve 
fibers, Seeley quotes Dr. Truman G. Blocker" to the effect that in maxillofacial 
injuries in World War II the peripheral facial nerve branches nearly always 
regenerated spontaneously following injury at this level. Doctor Blocker? has 
reaffirmed this view in a conversation with the author. Dr. James Barrett 
Brown,’® in a personal communication, has expressed the view that the anasto- 
mosis of fine components of the buccal and zygomatic branches of the facial 
nerve is not only unnecessary in this region, but is hardly possible in view of 
their fine caliber. He suggests the employment of a directional suture if a 
larger trunk presents itself, but feels that accurate layer apposition of tissue 
and clean healing probably favor regeneration of small nerve components as 
much as anything else. Definite facial weakness was suffered by the three 
patients here reported. No attempt was made to repair the seventh nerve com- 
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ponents in any of them. Facial weakness is now negligible in the patient 
who has been followed for eight months, and improvement in function is just 
becoming apparent in the patient who has been followed for four months. 

There are many accounts of spontaneous healing of traumatic salivary 
fistulae. It is likely that spontaneous healing is more probable in injuries to 
the glandular substance than in those which sever the principal duct. Even 
where the creation of an internal fistula is feasible, the loss of the sphincter 
may give rise to severe ascending infection, as described by Newman and Sea- 
brook.!! In any case, the problems presented by salivary fistulae are frequently 
of such magnitude that successful primary repair is highly desirable. The sug- 
gested steps which may be helpful in achieving successful primary repair are 
as follows: 

1. Anastomosis of the severed duct over a ureteral catheter, the diameter 
of which corresponds to the diameter of the duct. 

2. Employment of multiple fine sutures which do not penetrate the duct 
lumen. 

3. Withdrawal of the catheter at the conclusion of the anastomosis. 

4. Inspection of the wound for accessory ducts which may become appar- 
ent after completion of the anastomosis. 

5. The institution of a postoperative regime which favors continued 
secretory activity of the gland. 

6. Periodic dilation is not necessary for the prevention of stricture of the 
duct at the site of repair. 


SUMMARY 
The literature dealing with primary repair of the severed parotid duct has 
been reviewed. To the nine cases heretofore reported three cases have been 
added. Three functional end-to-end anastomoses of severed ducts were per- 
formed successfully. Primary healing occurred. The patency of the repaired 
ducts has been demonstrated by sialography. Suggestions are made for 
operative and postoperative management. 
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Discusston.—Dr. Deryt Hart, Durham, N. C.: I should like to present a case of 
reconstruction of the duct which is somewhat related to this problem. The patient had 
received at very close range a gunshot wound through the side of his face, so that it 
destroyed all soft parts in a line from the angle of the mouth to the edge of the parotid 
gland. He refused treatment as long as he could get his mouth open. After cicatrization 
pulled the teeth together so tight that he could not open his mouth he sought surgical] 
relief. In closing the defect, we had the problem of reconstructing the parotid duct 
which had been destroyed. A pedicle flap lined on both sides with epithelium was raised 
from the chest. One of the epithelial surfaces was to line his mouth, the other to form the 
skin of the face. We then dissected out the scar tissue so that the mouth could be 
opened widely. The duct was cut off until it was free of cicatrization and was found 
to be somewhat dilated, due to partial obstruction. A long flap of mucosa with enough 
tissue to give an adequate blood supply was cut, folded back to place the mucous mem- 
brane outside, and sutured in apposition with the severed end of the duct medially. No 
sutures were placed in the lumen of the duct, but connective tissue was sutured to con- 
nective tissue so that the epithelium of the duct and the epithelium of mucous membrane 
were in apposition but not sutured. We then cut the epithelium for lining the mouth in a 
tennis racquet shape, to fill the defect in the face and with a long prolongation to extend 
back to the duct. This was placed to overlie the mucous membrane strip to the duct. The 
connective tissues were sutured so as to keep these two epithelial strips in apposition. The 
closure of the defect with the remainder of the tube flap was completed. Healing was 
perfect 

The patient obtained full motion in the mandible but would never permit completion 
of the operation to give him the best cosmetic result at the angle of the mouth. We 
followed him for four or five years, but he refused further surgery for cosmetic results 
He had no trouble with the parotid gland 


Dr. T. G. Biocker, Jr., Galveston: I think Doctor Sparkman has used very good 
judgment in the treatment of the three cases he has reported. We have used a similar 
method with stainless steel wire in anastomosing the parotid duct in a patient operated 
on approximately eight hours after injury. We left a drain in because of the possibility 
of contamination resulting from the length of time following injury. The patient developed 
a fistula postoperatively which, however, healed spontaneously, and except for two episodes 
of swelling of the parotid gland within a year, both controlled by chemotherapy, he has 
remained perfectly all right. 

In another instance which occurred in the Texas City disaster, the parotid duct was 
severed near the entrance into the mouth. This was recognized at the time and treated by 
our usual method of handling large external fistulas of Stenson’s duct. It was transplanted 
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into the mouth, posterior to the mucosal laceration through a triangular mucosal flap—a 
very small one—and by blunt dissection the duct was put into the mouth, using the apex of 
the flap to place in a slit on one side of the duct to prevent a stricture. This procedure 
vorked very well in that particular instance. 
With regard to facial palsy, I feel definitely that accurate approximation will allow 
ertain amount of regeneration of the peripheral fibers of the facial nerve. In my 


experience there has always remained some lag of the muscles of the affected side of 


Dr. E. A. KitrLtowskt!, Baltimore: I want to call attention to that facial lag. In our 
experience we have found that facial lag will be more or less noticeable depending on how 
much support one gives the muscles during regeneration of those nerves, ard we have 
uite frequently used a small hook in the corner of the mouth, attached to a strap fastened 
to a head band which counter-pulls the muscles on the other side. In other words, we 


+ 


ercorrect with this apparatus, and we usually have the patient wear it during the night; 
the daytime it is not so necessary because the muscle will not get sufficient damage 
luring half the time to prevent its losing its elasticity. In that way we have been able 

avoid a permanent sag in these cases and we are reasonably sure that after the nerves 
egenerate there will be no deformity. 
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DISTENTION OF THE SUBARACHNOID SPACE WITH CEREBRO.- 
SPINAL FLUID IN INFANTS; ENLARGEMENT OF THE 
HEAD AND SPASTICITY; SURGICAL CORRECTION* 


CHARLES BaG.ey, Jr., M.D., Raymonp K. THompson, M.D., 
AND 


R. M. N. Crossy, M.D.** 


Battimore, Mp. 


IT Is THE PURPOSE of this paper to segregate from a large group of infants 
with increased intracranial pressure due to cerebrospinal-fluid excess, a specific 
group in which the clinical picture is sufficiently uniform to constitute a clin- 
tcal entity, the salient features of which are: (1) /ncreased intracranial 
pressure, manifested by slow, moderate enlargement of the head, separation of 
the cranial sutures, bulging and enlarging of the fontanel, and overfilling and 
tortuosity of the scalp veins ; (2) irritative signs, evidenced by rigidity, twitch- 
ing and convulsions; and (3) a subarachnoid space distended with cerebro- 
spinal fluid, as shown by pneumo-encephalography (Figs. 1 and 2). 

We shall present three recent cases fulfilling the conditions described 
above. The similarity between these and other cases previously reported in a 
1928! communication prompts a short review of the experimental and clinical 
data included in that report. That work was undertaken with the purpose of 
experimentally producing in dogs lesions simulating those occurring in human 
beings when blood was present in the cerebrospinal fluid. An attempt was made 
to evaluate the role of blood in the cerebrospinal fluid. For example, it was 
our belief that in some posttraumatic patients the signs and symptoms were 
due to this condition alone, rather than to the effects of concussion, brain 


laceration or compression. At the completion of the animal experiments, it 
was concluded that blood mixed with cerebrospinal fluid in young and adult 
degs produced marked thickening of the meninges, resulting in neurologic 
disturbances. These varied from slight differences in behavior to severe con- 
vulsive seizures. Some animals were severely affected by small quantities of 
blood ; others survived more than a year and were apparently normal. 


27 case histories were recorded. 


In the second part of the earlier paper, 
They demonstrated the varied clinical and pathologic changes in the central 
nervous system of human beings, following introduction of blood into the 


cerebrospinal fluid. 


CASE REPORTS — TWENTY-YEAR FOLLOW-UP STUDY 

Four of the 27 cases are reviewed here because of the similarity between 
them and the three cases to be reported on in this paper. Case 14 represents 
the common type of reaction following the introduction of blood into the 

* This work has been carried on with financial assistance from the Hoffberger 
Neurosurgical Fund. Read before the Southern Surgical Association, White Sulphur 
Springs, W. Va., December 7, 1948. 

** From the Department of Neurological Surgery « 
School of Medicine. 


f the University of Maryland 
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cerebrospinal fluid during birth. The condition, in this case, failed to clear 
up spontaneously, but was controlled by repeated lumbar punctures. Convul- 
sive seizures started when the child was a few days old. Nuchal rigidity was 
noted two weeks following birth. Generalized rigidity and failure to follow 
objects with the eyes were present at one month. The first lumbar puncture 
was done at the age of two months and 13 subsequent punctures were done 
over a period of four months. All symptoms disappeared. Re-examination of 
the child at five vears of age disclosed that the circumference of the head was 
<9 cm., the behavior was normal, there were no convulsions. However, there 
were occasional episodes of momentary loss of consciousness with drawing 
back of the head. The recent status of the patient at age 22 shows no evidence 





Fic. 1.—Preoperative encephalograms, Case 1, anteroposterior and posteroanterior 
views, showing ventricular system within the limits of normal and excess air in parts of 
the subarachnoid space, indicating distention of the subarachnoid space before partial 
drainage. 


of residua of early difficulties. The childhood development was normal; the 
young man served in the Merchant Marine during the war, and is happily 
married. 

Cases 15 and 17 represent the type of patient we are now reporting, pre- 
senting the salient features listed above. They failed to clear up under 
lumbar-puncture drainage and a more radical procedure was undertaken. 
Both are now normal adults. 

Case 15 presented a typical picture. Six lumbar punctures were done with 
only temporary improvement in the rigidity and tenseness of the fontanel. At 
six weeks a very small, right subtemporal decompression was done with open 
drainage for nine days, after which the symptoms returned. On the seventy- 
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second day after birth, a right osteoplastic flap with drainage of the subarach- 
noid space was done. A low-grade meningitis was disclosed at operation. At 
the time of the report, the child seemed entirely normal at four years of age. 
She has remained normal to the present time, went through college, and was 
married during the past year. 

Case 17 had 16 lumbar punctures over a period of nine wéeks without 
relief. The fontanel was large, the sutures separated, the veins of the scalp 
dilated and the head appeared heavy. At that time, a right osteoplastic flap 
was turned and drainage established. The improvement was only partial and 
the procedure was repeated on the left side at the age of 19 weeks. From this 
time on, the fontanel gradually decreased in size and there was every evidence 
that the cerebrospinal fluid absorption was normal. The follow-up, which was 
continued until the present year, revealed a perfectly normal adult. 





1G. 2.—Preoperative lateral view of encepha 
logram of Case 1, showing ventricular system 
within the limits of normal and excess air in parts 
of the subarachnoid space, indicating distention of 
the subarachnoid space before partial drainag« 


Case 16 is included as an example of an untreated case. This child was 
presented for examination at the age of nine months with the diagnosis of 
hydrocephalus. The pneumo-encephalogram showed marked distention of the 
subarachnoid space, with only slight enlargement of the ventricles. Treatment 
was refused and the condition progressed. The child was unable to sit alone 
and never learned to talk. He died at 13 years of age of an acute respiratory 
infection, never having been out of bed since birth. This typified the course 
of the untreated case, in which there was a slow progression of symptoms and 
signs, until ultimately spontaneous re-establishment of cerebrospinal-fluid 
absorption occurred so that enlargement of the head ceased. In this stage the 
picture was one of cortical atrophy with invalidism. 
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CASE REPORTS, RECENT 

Three cases with distended subarachnoid space are presented. This report 
does not include accounts of patients who have recovered after repeated 
lumbar punctures. The three presented are those in which repeated lumbar 
punctures failed and drainage was established through an osteoplastic flap. 

Case 1.—Examined at three months because of gradually enlarging head. Pneumo- 
encephalogram showed a large amount of air in the cerebral subarachnoid space, with 


slight increase in the size of the ventricles. Bilateral craniotomy with drainage. Recovery. 
T. R——Male. Normal birth. The child appeared mildly spastic soon after birth and 


the head was gradually enlarging. Head circumference, 38 cm. Chest measurement, 37 cm. 


“ 





rwG. 3 Fic. 4 
Fic. 3.—Preoperative photograph of Case 2; head circumference at four months 
44 cm., fontanel enlarged and slightly bulging. 


Fic. 4.—Postoperative photograph, age 15 months. Ten months postoperatively, fon 
tanel still enlarged, head circumference 511% cm. Fontanel closed entirely at 22 months 


Diagnostic fontanel puncture with 23-gauge needle disclosed an excess of cerebrospinal 
fluid over the cortex. Through this puncture wound there was very free drainage of 
cerebrospinal fluid for 48 hours, at which time the wound was sealed with collodion. 
Pneumo-encephalogram showed distention of the cerebral subarachnoid space with slight 
enlargement of the ventricles. Left craniotomy with drainage followed ten days later by 
a right craniotomy. Drainage continued for a period of 50 days. Two months later the 
head circumference was 42 cm. and the chest measured 41.3 cm. The spasticity disap- 
peared. The head stopped enlarging. The fontanel began to close and at the present time, 
at the age of 12 months, the child’s development is normal physically and mentally. 

Case 2.—Normal birth. Early gradual enlargement of the head. Frequent lumbar 
punctures. Osteoplastic flap. Recovery. 

D. W. D.—Female. Second child. Normal spontaneous delivery after central epi- 
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siotomy. The child was apparently normal, but several days premature lhe head 
circumference was 30 cm. with gradual enlargement to a circumference of 33.0 cm. on the 
twentieth day. The fontanel was tense and the cerebrospinal fluid was xanthochromic 
The diagnosis by attending physicians was “hydrocephalus.” From birth, feeding was 
dificult. There was considerable vomiting and very slow weight gain. The weight on 
the forty-sixth day was 6 lbs. 3% oz. Lumbar punctures were commenced on_ the 
twentieth day and continued at irregular intervals until the one hundred thirty-sevent! 
day after birth, at which time they were discontinued because of gradual progression of the 





process. A right osteoplastic flap was done. The brain was tense, because of the marked 
distention of the subarachnoid space. The tension was entirely relieved by very free | 
drainage which followed pricking of the distended arachnoid in several places. In closing 

the wound gutta-percha tissue drains were left in place. There was very free drainage 

for several days following the operation. This gradually diminished in amount but con 
tinued to some degree until the fiftieth day. The intracranial tension, as determined by 
palpation of the fontanel, remained normal during the drainage period and the child's 
general condition improved. The visible scalp veins disappeared, except on crying or 
straining, when they could be seen very plainly. The child was two years old or 
March 15, 1949. The circumference of the head at this time is 5314 cm. and the chest 
measures 511% cm. The child is alert and entirely free from symptoms. The fontanel has 
just recently closed (Figs. 3 and 4) 


Case 3.—Age 3% months. Gradual enlargement of the head from birth, with mild 
spasticity \ir studies revealed dilated subarachnoid spaces. Bilateral osteoplastic flaps 
Death. 

R. P. M \ 3%-months-old white male infant was seen because of an enlarging 
head and spasticity. Resuscitation of the infant following birth was necessary for a 
period of five minutes. The attending physician noticed slight enlargement of the head 
shortly after birth. The child when 3% months of age was referred to us by the 
pediatrician, who suspected hydrocephalus. The circumference of the head was 44.5 cm 





and the chest was 40 cm. The fontanel was slightly tense and bulging. This had been 


noticed over a period of three weeks. The sutures were not separated. There was a dis 


1 


tended vein in the left parietal region. There was generalized mild spasticity and poor 


control of the head movements. A pneumo-encephalogram showed distended subarachnoid 
space and a ventricular system at the upper limit of normal. When the child was a little 


less than four months of age, an osteoplastic flap was turned. The arachnoid was slightly 
grayish and markedly distended by cerebrospinal fluid. The vessels seen through the 


arachnoid were pulsating feebly. A series of holes was made in the arachnoid membrane, 


with a very free flow of cerebrospinal fluid. As the escape of fluid reduced the tension, 
the pulsation in the cortical vessels was markedly increased. The wound was closed, witl 
a gutta-percha tissue drain left in place. Drainage continued for a period of 30 days, 
during which time the condition was partially controlled. However, re-examination two 
months later indicated that the child’s course was unsatisfactory. Its fontanel remained 
tense part of the time and the scalp veins were dilated. For this reason, a flap was done 
on the other side, with essentially similar findings. Several hours following operation 
the child died in circulatory collapse. Autopsy disclosed no discernible cause of death 

The only finding was that of a thymus weighing 35 grams. In spite of this, we accept 
this as an operative fatality. The following pathologic changes were noted. Grossly, the 
arachnoid was thickened over the lateral surfaces, especially at the Sylvian fissure and 
over the base. Microscopically, the leptomeninges showed edema and congestive changes 
with slight hyperplasia, increased vascularity and round-cell infiltration (Fig. 5) 


ROLE OF BLOOD IN CEREBROSPINAL FLUID 


We should like to consider for a moment the question of blood in the 


cerebrospinal fluid of newborn infants. According to the work of Roberts,’ 
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published in 1925, 14.1 per cent of 423 consecutive deliveries showed blood in 
the cerebrospinal fluid. A year later Sharpe*® did lumbar punctures on 500 
consecutive cases and found bloody cerebrospinal fluid in 9 per cent of the 





Fic. 5.—Sections of meninges removed at autopsy. (Top) Perivascular 
space, showing hyperplastic meninges, undrained side. (Bottom) Perivas- 
cular space from the side which had been drained 2% months previously. 


babies. Approximately half of the infants with bloody cerebrospinal fluid 
showed clinical signs. 
The reports given above would seem to force the conclusion that blood is 
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found in the cerebrospinal fluid in a rather large percentage of newborn 
infants, and Sharpe’s series further indicated that a certain number of the 
infants with bloody cerebrospinal fluid presented signs of meningeal irritation, 

It has now been approximately 30 years since Essick* injected inert par- 
ticulate matter, as well as blood, into the cerebrospinal fluid to produce a 
marked meningeal reaction, and 20 years since we showed by animal experi- 
ments and clinical studies that these changes occurred following the introduc- 
tion of blood into the cerebrospinal fluid. 

We have selected four papers from the recent literature which describe 
meningeal changes in human beings sufficient to convince the most skeptical 
that blood introduced into the cerebrospinal fluid does at times produce sterile 
meningitis. 

The paper by Strauss, Globus and Ginsburg,” in whicl they reported on 
their studies of spontaneous cerebral hemorrhage, demonstrated meningeal 
reaction of an inflammatory nature in all their cases. 

Finlayson and Penfield® found 21 cases of aseptic leptomeningitis in a 
series of approximately 1,200 craniotomies which were performed in Penfield’s 
clinic during the period covered by their study. One similar case followed a 
laminectomy. In spite of drainage through the incised dura, the incidence of 
aseptic meningitis was 1.6 per cent. 

Hammes,’ in 144 fatal cases with blood in the cerebrospinal fluid, found 
that autogenous blood in the subarachnoid space is not well tolerated by the 
leptomeninges in man. The meningeal reaction to the blood is evident within 
two hours after hemorrhage. The cellular reaction is transient, but permanent 
effects occur in the form of patchy fibrosis of the pia arachnoid, with obliter 
ation of the subarachnoid space. This can be demonstrated only after the blood 
has heen present for 1o days or longer. 

\lpers and Forster® studied the meningeal reaction to subarachnoid hemor 
rhage from all causes, with similar conclusions concerning the meningeal 
changes, but stated that they had not found in the human adult cases the same 
cortical changes that were reported in the dogs and infants of our report. One 
may observe that cortical changes occur late. Figures 7, 8 and 13, of our 
previous paper, showing marked cortical changes, were taken from the brains 
of dogs in which blood had been injected into the cerebrospinal fluid as much 
as six months previously. 


DIFFERENTIAL DIAGNOSIS 

The differential diagnosis between this and other conditions which produce 
enlargement of the head in infants cannot be made without examination of the 
cerebrospinal fluid and pneumo-encephalography. With these aids the con 
dition can be easily differentiated from the following : 

Atresia of the sylvian aqueduct with its resulting internal hydrocephalus 
is excluded by the failure of air to enter the ventricles, if introduced by the 
spinal route. It fails to pass bevond the aqueduct if the air is introduced 
directly into the ventricles. 

Atresia of the foramina of Luschka and \Vagenadie. with obstruction to 
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cerebrospinal-fluid drainage, is also distinguished by the typical pneumo- 
encephalographic picture. 

Communicating hydrocephalus, secondary to inflammatory states with 
blockage of the cerebral subarachnoid space at the base of the brain and in 
the region of the tentorium, again presents its typical pneumo-encephalo- 
eraphic picture, with no air in the cerebral subarachnoid spaces. 

Space occupying lesions as tumor, abscess and hematoma present the 
shifting of intracranial contents which distinguishes them from this condition. 
The subdural accumulations of clot or fluid will be found also on subdural 
puncture Fluid obtained from subdural tap in those cases of subdural accumu- 
lations will be different from the fluid obtained on lumbar puncture. In the 
condition described in this paper, fluid may be obtained on subdural (really 
subarachnoid) tap, but it will be identical with that obtained by the lumbar- 
puncture route. (See recent case No. 1 above.) 

Meningitidies are excluded by the pleocytosis and chemical changes in the 
cerebrospinal fluid secondary to inflammatory states. 

There are, however, several other conditions which offer difficulties in 
differential diagnosis. This is true probably because of the lack of universal 
agreement as to the definition or existence of the following: External hydro- 
cephalus, active external hydrocephalus. Quincke’s meningitis, meningitis 
serosa, chronic arachnoiditis and otitic hydrocephalus. 

\Ve have avoided the use of the term external hydrocephalus in our title, 
primarily because the mere mention of the term indicated a hopeless lesion and 
precipitates an extremely bad reaction on the part of physicians as well as 
parents. Another reason is the frequent disagreement among authors as to 
what constitutes external hydrocephalus. Dandy,” for example, defined exter- 
nal hydrocephalus as a condition in which fluid accumulates in the subdural, 
rather than subarachnoid, space. Gardner,'® on the other hand, reported three 
very striking cases of fluid accumulation over the cortex under the heading of 
active external hydrocephalus. The pneumo-encephalograms in two of his cases 
show extensive accumulation of air in the subarachnoid space, with the ven- 
tricles about normal in size. Gardner’s article further differentiates active 
external hydrocephalus in which the patients had marked increase of intra- 
cranial pressure from the accumulations in the subarachnoid space, as seen in 
cortical atrophy, and speaks of the latter as a passive process resulting from 
shrinkage of the brain. 

Meningitis serosa or Ouincke’s meningitis of the later literature is also char- 
acterized by accumulation of fluid under pressure in the subarachnoid space. 
In this condition the fluid is never xanthochromic and can be frequently differ- 
entiated by this fact. This type of meningitis is usually associated with inflam- 
mation in the paranasal sinuses, ear or mastoid, and occurs in older age groups. 

The term “meningitis serosa” appeared in the literature at a time when an 
effort was being made to differentiate tuberculous meningitis from other types. 
Ouincke’s™ article, in 1893, approximately 60 years later, did much to clarify 
the concept of the condition. It is primarily a sterile meningitis, occurring in 
association with inflammatory lesions in adjacent infected cavities. Symonds,!” 
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in 1931, under the heading of “‘Otitic Hydrocephalus” described a group of 
patients with middle-ear infections who had a clinical course similar to those 
with Quincke’s meningitis. 

Cases of the condition described in this paper must be differentiated from 
other types of chronic arachnoiditis, in which there is no increase in the cell 
count of the cerebrospinal fluid. During the early part of the present century, 
when the interest in the diagnosis and removal of brain tumors had _ been 
thoroughly aroused, there appeared in the literature articles describing cases 
with increased pressure which on exploration were found not to have a tumor. 
These cases were designated as “pseudo-tumors,’ after Nonne.’* At oper- 
ation, some thickening of the arachnoid was found, general in some cases and 
quite circumscribed in others, resulting in the term “arachnoiditis.” Horrax™ 
reviewed 33 cases of posterior-fossa arachnoiditis and stated that the pathologic 
changes showed nonspecific thickening of the arachnoid. Bailey,’’ about the 
same time, stated that in one of these cases the process involved the cortex and 
was, therefore, a meningo-encephalitis. A recent case was reported by one of 
us!® in which there was a posterior-fossa arachnoidal cyst two years following 
trauma. The patient had an internal hydrocephalus, secondary to this circum- 
scribed arachnoiditis. Differential diagnosis can be made on the history and 
the pneumo-encephalogram. Age incidence will help, as arachnoiditis, general 
or circumscribed, rarely occurs in early infancy. 


ETIOLOGY 

We are of the opinion that this clinical entity is due to faulty absorption of 
cerebrospinal fluid. This disordered absorption is brought about by blood in 
the subarachnoid space. In certain cases, we believe a vicious cycle is set up 
because of disturbed cerebrospinal-fluid absorption-vascular dynamics which 
is broken only by drainage of the subarachnoid space. 

The disturbed absorption is initiated by choking of the ‘“‘absorption chan- 
nels” with degenerating blood, fibrin, cellular debris and the variable specific 
meningeal reaction of the individual to a foreign body in the subarachnoid 
space. These factors are augmented by the altered osmotic pressure of the 
bloody cerebrospinal fluid. The resultant increase in intracranial pressure 
with the concomitant alteration of the vascular dynamics perpetuates the 
condition. Let us therefore consider first the osmotic and then the circulatory 
factors involved. 

The absorption of cerebrospinal fluid is influenced by the osmotic pressure 
of blood in excess of the osmotic pressure of cerebrospinal fluid. Normally 
cerebrospinal fluid has very low protein content and, consequently, a very low 
osmotic pressure. However, the addition of blood to the cerebrospinal fluid 
greatly increases its osmotic pressure and so retards its absorption. The 
osmotic relationship of blood and cerebrospinal fluid has been extensively) 
studied by Weed.!* The action of the presence of blood in the cerebrospinal 
fluid, as a result of brain trauma, was demonstrated in animals by Parker and 
Lehman.?® They were able to show a quantitative increase in cerebrospinal- 
fluid pressure with varying degrees of subarachnoid bleeding. They also 
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demonstrated that the addition of whole blood, blood serum or hemolyzed red 
cells caused marked elevation of cerebrospinal-fluid pressure. That the increased 
pressure resulted from an increase in the osmotic pressure which reduced 
absorption of cerebrospinal-fluid pressure, varying directly with the amount of 
subarachnoid bleeding, has been confirmed by Webster and Freeman.” 

A second important factor in the absorption of cerebrospinal fluid is the 
circulatory one. This involves, first, the effective hydrostatic pressure of the 
cerebrospinal fluid over that of the cerebral venous circulation and, second, 
the rate of cerebral blood flow. Systemic arterial blood pressure plays no role 
in cerebrospinal-fluid mechanics except when there are very wide variations 
in arterial pressure. It has been shown that there is a direct relationship 
between cerebral venous pressure and the cerebrospinal-fluid pressure ( Weed,” 
Wolff and Forbes*!) and that there is an inverse relationship between intra- 
cranial pressure and cerebral blood flow (Kety,”? et al., and Wolff and Blum- 
gart®*). With the initial inflammatory reaction of the meninges there is dila- 
tion of the vascular bed and slowing of circulation. The slowing of cerebral 
blood flow is subsequently furthered by the increased cerebrospinal-fluid 
pressure. The pressure in the cerebral veins then becomes elevated and the 
hydrostatic effect of cerebrospinal-fluid pressure is then lessened. The slowing 
of cerebral blood flow with increased venous pressure results in further 
decrease in the absorption rate (Lohman**) and the increased cerebrospinal- 
fluid pressure is accentuated. 


TREATMENT 

Drainage of the subarachnoid space has been the therapy in our patients. 
The most simple type of drainage is obtained through repeated lumbar punc- 
tures. The best guide of therapy is the tension of the fontanel. If this tension 
cannot be kept down, further evidence of increased intracranial pressure will 
appear. At that time, craniotomy, with free and maintained drainage of fluid 
from the subarachnoid space, is indicated. By drainage of the subarachnoid 
space, two corrections in this deranged situation are made. First, the increase 
in cerebrospinal-fluid protein is removed more rapidly than it could be by the 
impaired circulation, thus removing the altered osmotic relationship. Second, 
the vascular congestion which results from increased intracranial pressure is 
released as the pressure is relieved so that the disturbed vascular dynamics 
(slowed cerebral blood flow and altered hydrostatic effect) are removed. With 
more adequate circulation we believe that the body phagocytes are better able 
to clear out the obstructed cerebrospinal-fluid absorption channels. When 
this has been accomplished, absorption of cerebrospinal fluid proceeds through 
normal routes, and drainage to the outside ceases. 

Sprong*’ demonstrated that the beneficial effect was not through the 
removal of red blood cells. He stated that blood spontaneously disappeared 
from the cerebrospinal fluid normally within five or six days. He found that 
xanthochromia was entirely absent or reduced to a faint trace in six days. His 
careful work established these facts in cases in which there were no meningeal 
symptoms, and unquestionably represented the process in a number of trau- 
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matic patients with bloody cerebrospinal fluid. Such is the reaction in perhaps 
50 per cent of infants, those who recover spontaneously. These cases need no 
treatment. The need for treatment is in infants showing evidence of increasing 
meningeal irritation and intracranial pressure long after the blood cells have 
disappeared, perhaps even after xanthochromia has disappeared. In Case 2, 
reported above, the fluid remained xanthochromic during a period of gradual 
enlargement of the head, which was arrested by drainage established through 
an osteoplastic flap 137 days after birth. 

That drainage of this cerebrospinal fluid helps, we think has been proved 
in many cases clinically and through pathologic studies in Case 12 of the 1928 
report. This child had excessive thickening of the meninges when operated 
upon at the age of 27 months. The excessive drainage of cerebrospinal fluid 
resulted, we felt, in too great a loss of fluid, and the drains were removed. In 
spite of this, the drainage continued and the child died as a result of fluid 
loss 22 days after operation. At autopsy, the meningeal thickening, which was 
seen at operation, was greatly reduced on the drained side, while still persisting 
on the opposite side. The gross and microscopic differences are shown in 
Figures 24 to 29 of the 1928 report. These microscopic changes were seen in 
Case 3 of this paper (Fig. 2). 

In Hammes” cases, although the greatest number of punctures done on any 
one patient was nine, and none was operated upon, he stated that the incidence 
of fibrosis of the meninges, in those who survived long enough to show this 
change, was less in those cases in which a higher number of punctures had 
been done. 

The small number of cases not benefited by simple methods of drainage 
should have the subarachnoid space drained by more radical means. The tem- 
poral muscle in infants is not large enough to permit adequate drainage 
through it. For this reason, a more efficient procedure is to be found in turning 
a small osteoplastic flap. An incision is made from the coronal suture over the 
parietal bone in a semicircular manner toward the mastoid. After retracting 
the scalp and separating the dura from the bone, by inserting a dissector at the 
posterior edge of the anterior fontanel, the bone is divided with scissors and 
stripped from the dura along the coronal suture. The osteoplastic flap is then 
fractured in a greenstick manner along the base. A dural flap is then reflected, 
uncovering the distended arachnoid. Multiple small tears are made in the 
arachnoid over the sulci. A brain spatula is passed over the surface of the 
brain, facilitating gentle irrigation of the cerebral subarachnoid space with 
saline solution. The wound is then closed in layers with a gutta-percha drain 
in the posterior extremity of the incision. A loose, heavy gauze dressing 1s 
applied and drainage is allowed to saturate this bandage. All dressings are 
allowed to remain in place for several days. Penicillin is administered 
prophylactically for the duration of the drainage period. If unilateral drainage 
does not control the condition, the procedure is repeated on the opposite side. 

DISCUSSION 

While pressure is not excessive in these cases, there does exist, even in the 

mild cases, a slight bulging of the fontanel and moderate enlargement of the 
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head. Weare of the opinion that, in addition to restoring normal cerebrospinal 
fluid and vascular mechanisms, a most important effect of drainage is the pro- 
tection of the brain from the effects of prolonged increased intracranial pres- 
sure. Without drainage the end result, as we have seen above, is marked 
cortical atrophy. 

\We do not claim anything new as a clinical entity but merely want to 
emphasize the possibilities of complete cure in those patients who present the 
appearance of an early state of hydrocephalus. 

Peregrine Wroth,*" of Chestertown, Maryland, writing in the Philadelphia 
Journal of 1824, described “A Case of Hydrocephalus Internus.” 


The subject of this case was a child of two years old. In about four weeks after a 
severe fall on her head, she became feverish, and in a day or two after the commence- 
ment of her indisposition, her fever increased, and she had a fit of considerable violence ; 

Attempts were made, and repeated, to purge her by jalap, senna and castor oil, but 
without success ( opious purging soon followed the exhibition of the croton oil, and 
with great relief to all symptoms. The pathology of this formidable disease is still, I am 


inclined to think, very imperfectly understood, and the treatment, under any plan, has 


certainly been very generally unsuccessful. Of six or eight cases which have occurred 

my practice, this is the only one which terminated favourably. It is very possible that 
I may have been mistaken in my opimion concerning the nature of this case. I am, how- 
ever, fortified in this opinion by that of Doctor Browne, who stands, and deserves to 
stand, at the head ot thre profession here 


We quote this account because we think it represents a patient with trauma, 
bloody cerebrospinal fluid, meningeal reaction and distention of the subarach- 
noid space with recovery after a very stormy course of more than four weeks. 
We are convinced at the present time, 124 years later, that similar cases are 
appearing and are perhaps not recognized, 

Increased intracranial pressure has always been a problem in the treatment 
of cerebral trauma. The early authors attempted to combat it by purging, and 
this is still practiced today, with the addition of other measures, under the 
heading of dehydration. These measures, we feel, are effective in conditions 
in which it is desirable to remove fluid from the cranial cavity, whether it be 
the reduction of cerebral edema or the quantity of cerebrospinal fluid. These 
methods have been used empirically before the physiology of dehydration was 
worked out. We now know that any substance the action of which causes a 
relative hemoconcentration removes fluid from the cranial cavity because of 
the relative increase in the osmotic pressure of the circulating blood. This, in 
turn, reduces the intracranial pressure and increases the rate of the cerebral 
blood flow. This has been demonstrated by Shenkin,** and others. We, there- 
fore, see that empirical use of calomel benefited these patients by alteration of 
the absorption-vascular dynamics. 

In the early days of neurosurgery, surgical decompression was practiced, 
but it remained for Cushing** to devise a well-ordered technic of decompression 
through muscle structures. Here again, the treatment altered the absorption- 
vascular dynamics by reducing intracranial pressure and allowing free drainage 
of cerebrospinal fluid. This reversal of cerebrospinal drainage persisted until 
the time at which the balance between the formation and the absorption of 
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cerebrospinal fluid was once more restored and, with the physiologic exit for 
the fluid sufficient, the artificial one was not necessary. 

In our cases, we simply advocate a more complete drainage and a type of 
procedure which will permit a period of drainage sufficiently long to bring about 
resolution of the pathologic process, at which time external drainage ceases 
and the drains can be removed. In Case 12, in spite of removal of the drain, 
the normal pathways were not capable of functioning, so that the child con- 
tinued to drain until he died of fluid loss. In Case 1, of this paper, the fontanel 
tap had to be closed by collodion because of persistent drainage through the 
needle-puncture wound, indicating again the inadequacy of the normal chan- 
nels of spinal-fluid absorption. 


SUMMARY 

In this communication we attempt to point out a clinical syndrome result- 
ing from the introduction of blood into the subarachnoid space. This clinical 
state is characterized by three features: (1) increased intracranial pressure, 
(2) evidence of meningocerebral irritation, and (3) distended subarachnoid 
space as demonstrated by pneumo-encephalography. We emphasize that the 
infant with the enlarging head should be subjected to air studies to determine 
if this condition is present, since the response to surgical therapy appears so 
promising. In substantiation of the beneficial effects of surgery, we outline a 
20-year follow-up on several patients reported on by one of us! in 1928. We 
also review a case of the same condition which was not treated. In this case 
we show that the eventual result of the long-standing increased intracranial 
pressure is irreversible damage to the brain. The differential diagnosis of the 
condition is discussed. The etiology, we believe, is due to blockage of the 
absorption channels of the cerebrospinal fluid with blood, secondary meningeal 
hyperplasia with increased intracranial pressure. This in turn is augmented by 
increased osmotic pressure of the pathologic spinal fluid, which further retards 
normal cerebrospinal-fluid absorption. These changes produce increased intra- 
cranial pressure with reduction in effective hydrostatic pressure and slowed 
cerebral blood flow. The intracranial pressure is further augmented by these 
vascular disturbances and so the cycle perpetuates itself. Drainage of the 
subarachnoid space relieves the altered osmotic pressure, reduces intracranial 
pressure and allows vascular dynamics to return toward normal. This permits 
the phagocytic processes of the body to clean out the blocked absorption chan- 
nels, thus reversing the cycle and allowing the patient to recover. The type of 
operative procedure is described in detail. A case is cited from the medical 
literature of 124 years ago to demonstrate that this state is not new but perhaps 
is not as frequently recognized as it might be. 


CONCLUSIONS 

1. An effort is made to segregate a clinical entity from the group of infants 
with enlarging heads. 

2. This syndrome is characterized by the appearance of irritative signs 
shortly after birth, followed by signs of a moderate progressive increase in the 
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intracranial pressure, with distended cerebral subarachnoid space and a rela- 
tively normal ventricular system. 
2. This condition is produced by bloody cerebrospinal fluid. 
4. A 20-year follow-up of previously reported cases is recorded, and three 
typical cases are described. 
s. The pathogenesis is discussed in the light of modern theories of cerebro- 
spinal fluid phy siology. 
6. The treatment is outlined and is studied from both the historical and 
the physiologic viewpoint. 
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Discussion.—Dkr. Copp PitcuHer, Nashville: It is difficult to recognize the importance 
of the new clinical entity that Doctor Bagley has described. Doctor Bagley and Doctor 
‘hompson. have been talking about a syndrome which is concerned with the appearance 
of blood in the cerebrospinal fluid and its consequences. This is of far-reaching impor 
tance. It applies not only to newborn infants, but to every person who has a head injury, 


and I would like to make three points. In the first place, one must differentiate this entity 


in infants from the ordinary hydrocephalic syndrome, which is very common and whicl 
is characterized by dilated ventricles. By that point alone it may be differentiated. Se 
ondly, from the subdural hematoma picture in which one taps the fontanelle in infants and 


gets xanthochromic fluid, and subsequently makes the diagnosis of subdural hematoma 
but it may easily be confused with one of these pictures. In pneumoencephalograms 
which Doctor Bagley did not have time to mention, differentiation is clear 

The mechanism of the production of this picture of enlargement of the head and th 
pressure syndrome which results from blood in the cerebrospinal fluid, may be the result 
of increased osmotic pressure, may be the result of increased venous pressure whicl 
disturbs the absorption-formation balance of the cerebrospinal fluid. It certainly is not 
cerebral edema, which our President, Doctor Lehman and his associate, Doctor Parker, 
some time ago proved by studying the injection of blood into the cerebrospinal fluid. 

The treatment, drainage, which Doctor Bagley also did not have time to discuss in 
detail, may accomplish several things. It first evacuates fluid and permit re-establishment 
of the formation-absorption balance in the cerebrospinal fluid mechanism; it evacuates 
protein, diminishes osmotic pressure of this sub-arachnoid accumulation of fluid; it 
permits time, which is important, in allowing for re-establishment of normal physiologic 
balances. Finally, the significance of this problem, this syndrome, is not confined to 
infants who may be mis-diagnosed as having subdural hematoma, or hydrocephalus ; it is 
very far-reaching. People who have had injuries; people who develop post-traumati 
epilepsy as the result of chronic arachnoiditis which is commonly diagnosed but poorly 


defined ; the congenital mental deficiencies resultit 


ig from birth injuries, which really may 
be the consequence of blood in the spinal fluid at birth; many things of that type are 
covered by this clinical and pathologic picture 

Doctor Bagley and Doctor Thompson have delved into their own records and have 


} 


reported five or eight cases which have been followed for 20 years. If only we all had 


the patience to do that, our records would be truer and more honest 


Dr. CHartes BAGLEY, Jr., Baltimore (closing): I have nothing further to say in 
‘losing, as time does not permit us to go into detail. Most of you are familiar with the 


subject of blood in the cerebrospinal fluid and we hope you will be interested in reading 


the published paper 
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[N RECENT YEARS the combined efforts of internists, pediatricians, chemists 
( particularly the steroid chemists), physiologists and surgeons have resulted 
in substantial additions to knowledge of the syndromes associated with hyper- 
functioning lesions of the adrenal cortex. Methods for the assay of urinary 
steroids have heen developed which are helpful in diagnosis and in determining 


the results of treatment. For patients presenting clinical syndromes known to 


be associated with hyperfunction of the adrenal cortex, the problem of differen- 
tiating between tumor and hyperplasia has been simplified, though not entirely 
solved, by methods of urinary assay.“¢ Thanks to the greater availability of 
some of the adrenal steroids in natural and synthetic forms, the physiologic 
effects of several of the hormones in this group have been elucidated by both 
animal and clinical studies. As a by-product of these studies, it is now possible 
to explain many (though not all) of the symptoms and signs presented by 
patients with hyperfunctioning lesions of the adrenal cortices. Metabolic 
studies and identification of the urinary excretory products of the adrenal 
steroids have further clarified the pathologic physiology of these lesions. 

The purpose of the present paper is to present a group of cases of proved 
tumors of the adrenal cortex which exemplify some of the problems encountered 
in diagnosis and surgical treatment. These cases, eight in number, supplement 
the ten cases reported by Walters, Wilder and Kepler’ in 1934 and the seven 
reported by Walters and Kepler" in 1938. At the time of these earlier reports 
methods for the assay of urinary steroids either were unknown or were in an 
early stage of development, and little was known of the physiologic effects of 
pure adrenal steroid hormones. It seems appropriate, therefore, to report the 
more recent cases now in the light of our present understanding of these 
problems 


SYNDROMES ASSOCIATED WITH TUMORS OF THE ADRENAL CORTEX 
The earlier literature dealing with tumors of the adrenal cortex contains 
frequent references to “the adrenal cortical syndrome.” With the closer study 
of more cases, it has become apparent that there is no single syndrome which 
is characteristic of adrenocortical hyperfunction. Rather, the clinical pictures 
Read before the Southern Surgical Association, White Sulphur Springs, W. Va., 
December 7, 1948. 
+ Present-day knowledge of the neutral steroids in the urine of human beings in 
normal and abnormal states has recently been the subject of an extensive review by 


Engstrom 
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associated with hyperfunction of the adrenal cortex are extremely protean in 
nature and presumably depend on the type and quantity of steroid hormones 
produced, the age and sex of the patient and perhaps on other factors. 

Although no classification of syndromes is entirely satisfactory, the one 
proposed by Kenyon’ is an excellent one. He recognized six types of clinical 
syndrome, namely, (1) the adrenogenital syndrome, (2) Cushing’s syndrome. 
(3) mixed clinical pictures including features of the first two, (4) a type 
characterized by single or isolated endocrine manifestations, (5) feminizing 
syndromes, that is, feminization of men or homologous sexual precocity in 
girls, and (6) tumors without endocrine manifestations. The characteristics 
of these syndromes have been discussed by Kepler, Sprague, Mason 
and Power.‘ 

Inclusive as this classification is, it has been apparent for some time that 
in an appreciable number of the cases the clinical manifestations do not conform 
to any of the foregoing clinical syndromes. In such cases the clinical picture is 
usually mixed or incomplete and consequently defies precise classification, 

Among the most spectacular of the changes produced by tumors of the 
adrenal cortex are those in the sexual sphere. In young boys, sexual precocity 
of masculine type, in combination with somatic precocity, may occur. In young 
girls, on the other hand, sexual precocity is likely to be heterologous or mas- 
culine in character, although homologous sexual precocity with uterine bleeding 
and enlargement of the breasts occasionally occurs. In adult men, sexual 
changes are rarely observed, because a masculinizing tumor is not likely to 
enhance the masculinity of a male, while feminizing tumors in adult males are 
excessively rare. In adult women, on the other hand, heterosexual changes 
are relatively common. For example, amenorrhea develops, the breasts 
assume a more masculine type, the clitoris hypertrophies, and alopecia of the 
scalp in association with hirsutism and acne of the face, extremities, chest and 
lower part of the abdomen may occur. The term “‘adrenogenital svndrome” 
may properly be applied in cases in which changes in the direction of increased 
masculinity dominate the clinical picture. 

The endocrine and metabolic signs and symptoms which bear no consistent 
relationship to the age and sex of the patient (Table I) represent an extremely 
varied group of disturbances. Their most complete development occurs in 
Cushing’s syndrome,* but they may occur in varving degree among patients 
who do not present the complete clinical picture described by Cushing. For 
example, one of the patients in the present series presented some of the features 
of virilization (hirsutism of the face and extremities and amenorrhea), but in 
addition exhibited some of the endocrine and metabolic manifestations of 

* It should be pointed out that in speaking of Cushing’s syndrome we are referring 
to the clinical picture described by Cushing and not specifically to the pathologic basis for 
this syndrome. In the past it has been thought that Cushing’s syndrome is always asso- 
ciated with a basophilic tumor of the anterior pituitary. Our experience and that of others, 
on the contrary, has shown that this syndrome may occur in the absence of a basophilic 


f the 


tumor of the pituitary but is probably always associated with hyperfunction 
adrenal cortex. 
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Cushing’s syndrome (hypertension, ecchymosis, diabetes and a hypochloremic, 
hypokalemic alkalosis). Other patients presenting mixed or incomplete clin- 
ical syndromes are seen not uncommonly. As already indicated, these inter- 
mediate clinical pictures are most difficult to fit into a rigid classification of 
syndromes. 
HORMONES OF THE ADRENAL CORTEX 

To date, 27 steroid hormones have been isolated in crystalline form from 
the adrenal glands of animals, and their chemical structure has been deter- 
mined. A considerable number of these steroids have no demonstrable physio- 
logic activity. Others have striking metabolic effects. Those which have been 
shown to have physiologic activity fall into several principal groups 
(Table IL): 


—{- 


TaBLeE I.—Symptoms of Tumors of the Adrenal Cortex* 


I. Nonendocrine symptoms 
II. Symptoms dependent on age and sex 


Boys: Homologous sexual and somatic precocity 

Girls Sexual and somatic precocity, usually heterologous. Sometimes uterine 
bleeding and enlargement of the breasts 

Men Feminization 


Women: Varying degrees of virilism 
Ill. Symptoms independent of age and sex 
Altered habitus 
Facial and abdominal obesity 
K yphosis 
Thin arms and legs 
Purplish striae and ecchymoses 
High color 
Hypertension 
Osteoporosis 
Diabetes 
Acne 
Polycythemia 
Hypochloremic alkalosis 
Purpuric ecchymoses 
Fatigue 
Muscular atrophy 


*From E. J. Kepler, R. G. Sprague, H. L. Mason and M. H. Power: The Pathologic 


Physiology of Adrenal Cortical Tumors and Cushing's Syndrome. In: Recent Progress 
Hormone Research; The Proceedings of the Laurentian Hormone Conference. New 
York, Academic Press, Inc., Publishers, 1948, 2: 345-389 


1. The predominant effects of the hormones in this group are on the 
metabolism of salt and water. Of these, desoxycorticosterone, widely used 
in the form of the acetate in the treatment of Addison’s disease, is the most 
familiar. When administered in excessive doses to animals or human beings, 
it causes retention of sodium chloride and water and an increase of the urinary 
excretion of potassium. Edema, hypertension and congestive heart failure may 
result from retention of salt and water. [oss of potassium may lead to pro- 
found muscular weakness. These effects may explain the symptoms of hyper- 

+ It is realized that the boundaries between groups are not always well defined. A 
compound in one group may have some physiologic effects characteristic of the members of 


another group. The grouping is based on the predominant activities of the compounds 
in question 
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tension, edema and disturbances of electrolyte metabolism observed in some 
cases of tumor of the adrenal cortex. The production of a diabetes insipidus- 
like syndrome in dogs by the administration of large doses of desoxycorti- 
costerone acetate by Ragan, Ferrebee, Phyfe, Atchley and Loeb’ suggests 
that the polyuria which is present in some cases of Cushing’s syndrome jis 
perhaps attributable to excessive production of these compounds. At present 
there is no practical method for the assay of this type of hormone in the body 
fluids ; however, the work of Dorfman and his colleagues? on the recognition 
of minute quantities of desoxycorticosterone by observing its effect on the 


urinary excretion of radioactive sodium is a promising lead in this regard. 


Pape II. {ctive Compounds Isolated From the Adrena ortea 
Effect Compound 
Salt and water metabolism Desoxycorticosterone 
Carbohydrate and protein 11-Dehvdro-17-hyvdroxv« t dj 
I ibo!'sm 11-Dehvdrocorticosterone \ 
Corticoste und B 
17-Hydrox t t ‘ 1 | 
kat metabolism (? 11-Dehvdrocorticosterone \ 
( ticosterone (« 1 | 
\ndrogenic effect \ndrostenedione 
11-Hydroxy-iso-androsterone 


\drenosterone 


17-Hydroxyprogesterone 


rogenic effect Estrone 
Progestational effect Progesterone 
* With modifications from E. J. Kepler, R. G. Sprague, H. L. M ind M. H 
Power: The Pathologic Physiology of Adrenal Cortical Tumors and ¢ hing's Svndr 
Recent Progress in Hormone Research; The Proceeding el H 
Conference. New York, Academic Press, In Publisher 1948, 2: 1 | 329 


> 


2. The hormones in this group have a predominant effect on the metabol 
ism of carbohydrate and protein. The most potent hormones of this group are 
11-dehydro-17-hydroxycorticosterone (compound FE of Kendall) and 17 
hydroxycorticosterone (compound F of Kendall). These compounds (I. and 
I’) have been available for study in only small quantities. Among other activ- 
ities they are concerned with the formation of sugar from protein precursors 
or with inhibiting the utilization of glucose or with both. When administered 
to persons who had Addison's disease and diabetes, compound E intensified the 
diabetes by augmenting the excretion of sugar, nitrogen and ketone bodies."™ 
White and Dougherty'’ have shown that compound E causes involution 
of the thymus and lymphoid tissue with liberation of gamma globulins and 
immune bodies. Overproduction of hormones having physiologic effects like 
those of compound E and compound F might explain a number of symptoms 
observed in cases of tumor of the adrenal cortex, which are dependent on 
disturbances of the metabolism of carbohydrate and protein. Among these are 
diabetes mellitus, negative nitrogen balance, muscular wasting, weakness, osteo- 
porosis, thinning of the skin and ecchymosis (possibly due to weakening of 
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the blood vessels). The now well-known effect of the adrenal cortex on 
lymphoid tissue might explain the lymphopenia which is characteristic of 
Cushing’s syndrome. Practical methods are available for the estimation of 
some of the excretion products of hormones of this type in the urine. These 
are the determination of glycogenic corticoids by the bio-assay method of 
Venning and associates,'* and the chemical determination of corticosteroids 
by the method of Lowenstein, Corcoran and Page” or one of its modifications. 
\t the Mayo Clinic we are using the latter or chemical method for the 
determination of these corticosteroids. The excretion of these substances by 
patients who have tumors of the adrenal cortex associated with features of 
Cushing’s syndrome 1s usually increased. 

3. In this group are compounds, such as 11-dehydrocorticosterone (com- 
pound A of Kendall), which probably influence the metabolism of fat. 
\Ithough some clinical and experimental evidence indicates that the adrenal 
cortex is involved in the metabolism of fat, this is one of the least explored 
aspects of the function of the adrenal cortex. Obesity is one of the outstanding 
features of some patients who have hyperfunctioning lesions of the adrenal 
cortex. (In the contrary, patients who have Addison's disease have difficulty in 
saining weight. WKendall,? in association with Heilman, has obtained some 
evidence that the administration of compound \ (11 dehydrocorticosterone ) 
to certain strains of mice results in an increase in the amount of fat, measured 
either as per cent of the total or the absolute amount, in the animal. Kochakian*® 
was able to confirm this observation in some experiments but not in others. 
Thorn'* has observed a decrease in the fecal excretion of fat by patients with 
\ddison’s disease who are treated with compound A. Some evidence indicates 
that these compounds are a part of that group of hormones the urinary 
excretion products of which are measured collectively as the so-called glyco- 
venic corticoids or corticosteroids. 

}. Compounds which have androgenic, estrogenic or progestational effects, 
such as adrenosterone, androstenedione, 11-hydroxy-iso-androsterone, 17- 
hydroxyprogesterone, estrone and progesterone, are included in this group. 
Virilism in its several manifestations, including hirsutism, baldness, amenor- 
rhea, florid skin, hypertrophy of the clitoris, acne, masculinization of the voice 
in women and alteration of the habitus in the direction of masculinity might 
result from production of excessive amounts of androgenic material by an 
adrenocortical tumor, Likewise, the occurrence of sexual and somatic precocity 
and achondroplastic habitus in children might be similarly explained. 

Overproduction of estrogens and compounds which have an action like 
that of progesterone might explain the occasional occurrence of vaginal bleed- 
ing and sexual precocity in girls who have tumors of the adrenal cortex and 
the occurrence of impotence and gynecomastia in men. Estrogen-producing 
tumors of the adrenal cortex are relatively rare, but bio-assay and chemical 
methods have been developed for the determination of estrogens in the urine. 
Pregnanediol, an excretion product of progesterone and possibly also of 
desoxycorticosterone, can be determined chemically. However, the excretion 
of pregnanediol in the urine does not occur solely in cases of adrenocortical 
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tumor, for it also occurs in some instances of adrenocortical hyperplasia and 
ovarian tumors, and also in pregnancy. 

A patient who has a hyperfunctioning lesion of the adrenal cortex asso- 
ciated with marked evidence of virilization is likely to excrete a large amount 
of 17-ketosteroids in the urine. On the contrary, if evidence of virilization is 
minimal or lacking, as in Cushing’s syndrome, the excretion of 17-ketosteroids 
may not be elevated. 

OTHER AIDS TO DIAGNOSIS 

Several diagnostic procedures have been employed to demonstrate the 
presence of a tumor in a given adrenal gland. Occasionally, a plain roentgeno- 
gram of the renal region will reveal a soft-tissue shadow above one of the 
kidneys. At other times, intravenous urography will indicate a downward 
displacement of one kidney or urographic evidence of deformity caused by 
pressure from above the kidney. Obviously a tumor must be of considerable 
size to permit roentgenographic recognition. Unfortunately, few functioning 
tumors of the adrenal cortex are of this size. In our experience many of the 
tumors have been so small (2 to 5 cm. in diameter) that they neither depress 
the kidney nor lend themselves to reliable roentgenologic visualization after 
perirenal injection of air. Moreover, in a few cases in which we injected air, 
the reaction was rather shocking both to the patient and to us, so that we 
abandoned this method of diagnosis, not because of this alone, but also because 
of the ease, safety and accuracy with which the adrenal glands can be exposed 
through a small surgical incision. 

PREOPERATIVE PREPARATION AND POSTOPERATIVE CARE 


Removal of a hyperfunctioning adrenocortical tumor is an extremely haz- 
ardous procedure, as shown by high mortality rates reported in the literature, 


if the possibility of postoperative adrenocortical insufficiency is not appreciated. 
Atrophy of the contralateral adrenal cortex may be responsible for disastrous 
consequences if appropriate treatment for adrenal insufficiency is not admin- 
istered before the operation and for several days after excision of the tumor. 
Proper preoperative and postoperative treatment and appropriate surgical 
procedures will lessen the risk. Important signs suggestive of adrenal insuf- 
ficiency in the first 48 hours after operation are prostration, hypotension, tachy- 
cardia and unusual fever. 

Although it has been said that acute postoperative adrenal insufficiency is 
more likely to occur in cases of Cushing’s syndrome than in cases of adreno- 
genital syndrome, it has been our practice to treat all patients who have a tumor 
of the adrenal cortex as if adrenal insufficiency might follow removal of the 
tumor. Since potent extracts of the adrenal cortex have been available, no 
postoperative deaths have occurred in our own experience. 

The most important feature of the preoperative treatment is the intra- 
muscular administration of from 20 to 50 cc. of adrenocortical extract the 
evening before the operation and the intravenous administration of another 
dose of the same size in 1 liter of physiologic saline solution on the morning of 
the operation. Immediately after excision of the tumor, an additional 50 cc. 
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of adrenocortical extract is administered intravenously. For several days after 
the operation, from 50 to 100 cc. of the extract is given daily ; the dose is grad- 
ually decreased before its use is discontinued. If the patient is a child, smaller 
amounts of extract and fluid are employed. Occasionally desoxycorticosterone 
acetate in doses of from 5 to 10 mg. is administered intramuscularly the morn- 
ing of the operation. 


SURGICAL EXPOSURE AND OTHER CONSIDERATIONS 

The decision concerning which adrenal gland should be exposed first is 
extremely pertinent if a functioning tumor is suspected. Under these circum- 
stances it is currently considered unnecessary to expose both adrenal glands if 
a tumor is found on the first side explored. We have not yet encountered 
a case of bilateral hyperfunctioning neoplasm of the adrenal cortex. If the 
location of the tumor can be determined in advance of operation, only the side 
in which the tumor is present need be exposed. Ordinarily the opposite gland 
has undergone atrophy from disuse. 

The approach which one of us (W. W.) most frequently uses consists of 
a posterolumbar incision like that employed for operations on the kidney. The 
patient lies on the opposite side. Advantages of this approach are that good 
visualization of each gland is possible and the exposure is adequate to deal 
with whatever type of lesion is encountered. Bilateral incisions are made 
whenever necessary. 

Probably the most important consideration from the surgical viewpoint is 
the procedure to follow after the adrenal glands are exposed. In the event 
that a tumor is encountered, there is little question about the procedure. The 
tumor should be removed in its entirety. Usually this can be accomplished. In 
our opinion it is ordinarily advisable to remove the involved gland completely 
since most of the tumors are malignant. 

Treatment of the patient who has Cushing’s syndrome associated with bilat- 
eral hyperplasia of the adrenal cortex is still in the phase of clinical develop- 
ment. Currently and for the last several years we have been employing a pro- 
cedure which seems to be the most satisfactory that has been developed to 
date but which still leaves much to be desired. In brief, this procedure consists 
of exposing both glands at the time of operation to exclude the presence of a 
tumor. If none is present, subtotal adrenalectomy is performed on one side. 
From two-thirds to three-fourths of this gland is removed. Occasionally after 
this procedure the patient undergoes a temporary remission of symptoms for 
perhaps a matter of months. Subsequently, if symptoms persist or recur, about 
three months or less after the initial operation both glands are exposed again. 
The gland on which the subtotal adrenalectomy was performed is exposed first 
to determine that the remaining portion is still viable. If it is viable, the entire 
gland or three-fourths of it on the opposite side is removed. Obviously such a 
procedure involves exposure of both adrenal glands twice, which hardly seems 
ideal. Unfortunately, however, it is hazardous to remove too much adrenal 
tissue at any given operation, and therefore this complicated procedure is 
necessary 
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Results following removal of hyperfunctioning tumors of the adrenal cor- 

tex are good in general and are excellent if the lesion is benign. Results fol- 

lowing operation in cases of adrenal hyperplasia are less satisfactory. Experi- 

ence with this lesion is still rather limited and it is hoped that the prognosis in 
cases of this condition may be improved in the future. 


REPORT OF EIGHT CASES 
Case 1.—The patient was a man 62 years of age. Three years before his admission 
to the clinic in 1939, a tumor had been found in the left upper quadrant of the abdomen. 
This tumor had been considered to be an enlargement of the spleen. The patient had had 
yellow fever in 1878 and malaria in 1903 but he did not believe that the tumor had 
developed then. During the three years before his admission he noted progressive enlarge- 


ment of the mass. Physical examination elsewhere in 1937 revealed, in addition to the 
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Fic. t (Case 1).—Carcinoma of the left adrenal cortex weighing 2,685 Gm 


tumor, a marked systolic murmur in the hypogastric region. The patient had been able 
to work daily and had no other complaints. He came to the clinic on the advice of his 
doctor because of the increasing size of the tumor. 

On physical examination at the clinic a large, somewhat fixed mass was noted in the 


left upper quadrant of the abdomen; this extended to the midline and down to the 
umbilicus. It was globular and no notch could be felt in it. The patient presented no 
signs or symptoms indicative of an endocrine disturbance. The blood pressure was 112 mm 
of mercury systolic and 70 diastolic. Laboratory data were not significant. The value 
for hemoglobin was 13.8 Gm. per 100 cc. of blood; there were 3,970,000 erythrocytes and 
6,600 leukocytes per cubic millimeter of blood. The differential count showed 22 per cent 
lymphocytes, 70 per cent neutrophils, 6 per cent monocytes, 1.5 per cent eosinophils and 
0.5 per cent basophils. Examination of the blood smear showed nothing diagnostic. No 
increase in regeneration was noted. Serologic tests were negative for syphilis. Roentgen 
ograms showed displacement of the stomach to the right by a large tumor. A roentgen 
ogram of the abdomen showed a large soft-tissue shadow on thx 


left with multiple areas 
of calcification throughout. The renal shadow could not be differentiated from this mass. 
The patient was seen by several consultants and the site of origin of the tumor could not 
be ascertained definitely 
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On January 9, 1939, a large carcinoma of the left adrenal gland was removed (Fig. 1 ) 
It was almost the size of a football, and weighed 2,685 Gm. It was surrounded by a nest 
of blood vessels, the pedicle of the tumor being composed of diffuse venous sinuses which 
were about I cm. in diameter. The kidney appeared to be normal and was not removed. 
Bleeding from the blood vessels supplying the tumor was controlled by ligature. Two 
curved hemostats were allowed to remain for 72 hours on two veins high in the renal 
fossa close to the diaphragm. The pathologist made a diagnosis of primary adenocarci 
noma, grade 3 (Broders’ classification), of the adrenal cortex. The patient was given 
200 cc. Of aca ia, 500 cc. of citrated blood, and 1,000 cc. of saline solution while he was 
as the operating table. During the first 36 hours following the operation, there was a rise 
in temperature and pulse rate and a fall in blood pressure to 80 mm. of mercury systolic 
and 60 diastolic. On the day of operation, after the origin of the tumor from the adrenal 
cortex had been established, and on seven succeeding days, the patient was treated with 
cortical extract (Kendall) and physiologic saline solution intravenously to prevent the 


occurrence of acute adrenal insufficiency (Table III). 


aBLE I11.—Treatment After Removal of Tumor of the Adrenal Cortex in Case 1 


Cortical Physiologic 5 Per Cent 
Extract Whole Saline Solution 
Kendall) Blood Solution of Glucose, 
Day ce rat ce ce 
1 20 500 3,000 500 
2? 50 1,000 1,000 
37 70 2,000 
This solution also contained 0.5 per cent sodium citrate. 


+ For the succeeding five days the patient received physio- 
logic saline solution and adrenal cortex extract in decreasing 


amounts. 


Phe patient's convalescence was uneventful except for the symptoms of adrenocortical 
insufficiency already mentioned and some separation of the wound. In order to hasten 
healing a secondary closure was made of it on February 2, 1039. The patient was dis- 
missed from the clinic on March 4, 1939, at which time the wound was practically healed. 

Follow-up studies were made during the succeeding seven years by physicians in the 
patient’s home locality and on December 20, 1946, the patient, in sending a report of his 
progress, stated that he had been well except for pyelitis in 1945 and resection of the 
ting was good, and he was 


prostate gland in 1946. His general health at the time of w 
working regularly. In February, 1949, the patient reported by letter that he was in good 
health at the age of 72 years, except for an inguinal hernia 

Case 2.—The patient, a woman 27 years old, presented herself at the clinic on July 
5, 1941. She complained of failure to menstruate, excessive growth of body hair and 
headaches associated with visual disturbance. Menses had bezun at the age of 11 or 12 
years. In 1939, when she was 25 years old, menstruation ceased. Following the admin- 
istration of tl 
the uterus. She also noted a decrease in the size of her breasts. For the two years before 


eelin twice weekly for one month, she had a little spotting of blood from 


her admission to the hospital, there had been an increasingly excessive growth of hair 


over the body, especially over the legs, thigh, upper lip, thorax and abdomen. In 10935 
she had begun to have visual disturbances, during which she could see the right side of an 
object but not the left side. Such episodes occurred once every two or three months. 
They were associated with headaches over the left eye. There was no visual disturbance 
between these episodes. The last episode had occurred two or three weeks before her 
entrance into the clinic 

On physical examination at the clinic the patient was found to be moderately obese. 
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Excessive hair was noted on the face, extremities, chest and abdomen, with a male dis- 
tribution of hair in the suprapubic region (Fig. 2). A mass was palpable in the left upper 
quadrant of the abdomen. Blood pressure was 118 mm. of mercury systolic and 68 
diastolic. Examination of the ocular fundi and of the visual fields disclosed no abnormal- 
ities. Routine examination of the urine and blood, determinations of blood urea, plasma 
chlorides and carbon-dioxide combining power and roentgenograms of the thorax, head 
and thoracic vertebrae disclosed no significant abnormalities. An excretory urogram 
revealed displacement of the left kidney downward. The urinary excretion of 17-keto- 
steroids was 724 mg. in three days, or an average of 241 mg. per day. The test for urinary 
prolan was negative for normal amounts. The urine excreted in 24 hours was positive 
for 13 rat units of estrin. A glucose-tolerance test revealed a diabetic type of curve 

A diagnosis of tumor of the left adrenal 
cortex was made. The headaches were thought 
to be due to migraine. Preparation for opera- 
tion was begun on July 14, 1941. On this day 
the patient twice received 10 mg. of desoxycor- 
ticosterone acetate subcutaneously. On the day 
of operation, July 15, she was given 200 cc. of 
physiologic saline solution intravenously and 
two injections of 10 mg. each of desoxycorticos 
terone acetate. 

At operation a left adrenal tumor measur 
ing approximately 25 cm. in diameter was found. 
The tumor was well encapsulated but was ad 
herent to the peritoneum at its upper margin. A 
slight tear was made in the capsule of the tumor 
as it was being separated from the peritoneum 
All tumorous tissue was removed and the blood 
vessels going into the tumor were doubly ligated 
In the perirenal fatty capsule there were many 
large veins similar to those often seen in asso- 
ciation with hypernephromas. The pathologist 
reported that the tumor was necrotic carcinoma, 
grade 2, of the adrenal cortex (Fig. 3). On the 
Fic. 2 (Case 2).—Hirsutism of thighs. second and third postoperative days the patient 
was given 5 mg. of desoxycorticosterone acetate 
subcutaneously and on the fourtn, fifth and sixth days, 2 mg 

The postoperative course was uncomplicated except for variable fever from 99° to 
101° F. daily for seven days. There were no evidences of adrenocortical insufficiency. 
The patient became afebrile on the tenth day and was dismissed from the hospital on the 
14th day and from the clinic one month after operation 

The values for urinary hormones before operation should be compared with the 
values after operation. There was a sharp reduction in excretion of 17-ketosteroids in 
the urine to 21 mg. in ten days (average 2.1 mg. per day) shortly after operation. Four 
months after the operation the urinary excretion of 17-ketosteroids was 10.3 mg. in 24 hours 
and 11 months after operation the value was 8.6 mg. 

The patient was re-examined in September, 1943. Normal menstruation had been 
resumed a few weeks after removal of the adrenocortical tumor. There was no evidence 
of recurrence of the tumor. Aside from obesity, examination revealed no significant 
abnormality. The body hair was entirely within normal limits. The urinary excretion 
of 17-ketosteroids was 7.0 mg. in 24 hours. 

A written report from the patient in 1947 indicated that she was in good health 
except for headaches. 
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Case 3.—The patient, a girl aged 45 months, was presented for examination on 
March 26, 1942. The parents stated that pubic hair had been present in increasing amounts 
for four months and for the past month an enlargement of the abdomen had been noted. 
\ diagnosis of an adrenal tumor had been made elsewhere. 





Fic. 3 (Case 2).—(a) and (b) Necrotic carcinoma, grade 2, of the 
left adrenal cortex. 


Physical examination at the clinic revealed a child with a full face, acne, red cheeks 
and a suggestion of cyanosis (Fig. 4). The blood pressure was 110 mm. of mercury 
systolic and 80 diastolic. Facial acne and a protuberant abdomen with a firm, fixed, 
nontender mass in the right upper quadrant were noted. Pubic hair was present and the 
vulva and clitoris were hypertrophied (Fig. 5). The voice was deep for a child. Routine 
urinalysis showed nothing abnormal. The value for hemoglobin was 14.8 Gm. The ery- 


687 





WALTERS AND SPRAGUE Annals of Surgery 


throcyte count was 5,660,000 and the leukocyte count 9,400. The differential count was 


normal. Roentgenograms of the thorax and abdomen showed no abnormality; those of 


t 


the bones of the wrist revealed seven ossification centers which constituted evidence of 





] 


Fic. 4 (Case 3).—Acne ard rounded contour 


ot the face 





Fic. 5 (Case 3).—Pubic hair and enlar 


clitoris. 


precocious development. The urinary ex 
cretion of 17 ketosteroids was 170 mg. in 
24 hours. The (2st for estrin excreted in 
the urine in 24 hours was positive for 16 
rat units. These values should be com 
pared with those obtained on the second 
postoperative day when less than 1 mg. 
of 17-ketosteroids was excreted it 24 
hours. 

The child was prepared for operation 
by being given 5 mg. of desoxycorticos- 
terone acetate cn the day preceding the 
operation, and on the morning of surgery 
she received an additional 5 mg. During 
the operation and subsequently that day 
she received 1,000 cc. Of 5 per cent solu- 
tion of glucose in physiologic saline solu 
tion with 5 mg. of sodium citrate and 30 
cc. of cortical extract added. Later 10 
mg. of desoxycorticosterone acetate was 
given subcutaneously. She received 500 


CC of blood during | 


e operation 
At operation, a right posterolumbat 
Incision was made and a tumor the size oi 


1 
] 
! 


a grapefruit arising from the right adrenal 
gland was exposed and removed. It was 
attached to the peritoneum and _ lives 
Bleeding from several large veins was 
controlled with hemostats. A pack was 
used to control bleeding from the liver 
Three curved hemostats were left on the 
blood vessels. The child’s condition was 
not good during the latter part of the op 
eration, but the blood pressure stabilized 
later after the supportive measures pre 
viously mentioned were carried out. The 
pathologist reported that the right adrenal 
gland was 13 cm. in. diameter and 
weighed 460 Gm There was a semi 
encapsulated, hemorrhagic, degenerating 
adenocarcinoma, grade 3*, of the adrenal 


cortex (Fig. 6). 


The preoperative and postoperative treatment aimed at the prevention ot adrenocortical 


insufficiency is summarized in Table IV. On the 11th postoperative day the patient was 
given 200 cc. of blood and the pack was removed from the incision without any bleeding. 


Aside from a slight wound infection, convalescence was not complicated. No symptoms 


suggestive of adrenocortical insufficiency were observed. 
Two weeks after the operation the value for 17-ketosteroids was 6.9 mg. in 24 hours; 


this finding suggested that tumor tissue still remained. 














— 
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Fic. 6 (Case 3).—(a) and (b) Semi-encapsulated, hemorrhagic, 
degenerating adenocarcinoma, grade 3°, of the right adrenal cortex. 
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[Three months later, the mother stated in a letter that the child was in good health. 
One month later the mother wrote that the child was not in good health and she was 
brought back for further examination. At this admission complaint was of pain in right 
upper quadrant of the abdomen, an increased appetite and a rash on the forehead. There 
was an increase in intake and output of fluids 

Examination revealed enlargement of the liver, which extended almost to the pelvis, 
and pubic hair. A roentgenogram of the thorax showed multiple metastatic lesions in the 
lungs. The diagnosis was recurrent or persistent carcinoma of the adrenal cortex, with 
metastasis. The course was progressively downhill and the patient died on September 18, 
1942. No postmortem examination was performed. 


TABLE 1V.—Treatment Before and After Removal of Tumor of the Adrenal Cortex 


in Case z 


5 Per Cent 


Desoxycorti- Cortical Glucose in 
costerone Extract Whole Physiologic 
Acetate, Kendall Blood, Saline Solution 
Day mg. cc. ce ‘ 


Prec yperative 


1 5 
0 5 

Postoperative 
1 10 30 500* 1,000+t 
2 10 40 1.0007 
3 2.9 
4 20 1.0007 
5 10 
6 10 
7 10 
gt & ek 


* Given during operation. 
+t Also contained 0.5 per cent sodium citrate. 
t Infusion begun during operation. 
** The patient received 2.5 cc. cortical extract daily intra 
muscularly for the succeeding five days. 


Case 4.—The patient, a woman 24 years of age, was first seen at the clinic on 
December 21, 1947. She had been married twice and had one child by her first husband. 
A year and a half before her admission, during the first four months after her second 
marriage, she had gained 37 pounds (16.8 Kg.). Nine months before her admission, 


acne had developed on her face, arms and shoulders, and she had noted flushing of the 


face and facial hirsutism. Six months before her admission, progressive weakness forced 
her to stop work. After her basal metabolic rate was found to be —23 per cent, she was 
treated with desiccated thyroid and she lost 14 pounds (6.4 Kg.) in four weeks. Dryness 
of the skin and polyuria developed. She continued to menstruate regularly but the 
amount was decreased. 

On examination, the systolic blood pressure was 124 mm. of mercury and the diastolic 
was 80. The face was rounded and of high color. Facial acne was present. The skin was 
dry. Keratosis pilaris and characteristic purplish striae limited to the flanks were noted. 
An excess amount of thin, blond hair wa’s present on the face, arms and legs. The arms 
and legs were thin, and she had such profound muscular weakness that she could not 
step up on a chair. The abdomen was protuberant. The hair was “messy” and unkempt in 


appearance. The clinical picture was that of Cushing’s syndrome of severe degree (Fig. 7). 
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Che urine was alkaline in reaction. Polyuria was marked, the daily volume of urine 
ranged between 3,700 and &,400 cc. Hemoglobin measured 16.8 Gm. per 100 cc. of blood. 
Erythrocytes numbered 4,620,000 and leukocytes 13,000 per cubic millimeter of blood. 
The differential count showed only 11 per cent lymphocytes. The sedimentation rate was 
- mm. at the end of one hour by the Westergren method. Roentgenograms of the thorax, 
skull, kidneys, ureters and bladder gave no evidence of abnormality. There was no 


osteope yrOSIS 





Fic. 7 (Case 4).—(a) Approximately three years before the manifestations of 
Cushing’s syndrome developed; (b) at the height of the disease, and (c) six months 
u ; ] 


1 


after removal of the tumor of left adrenal cortex. 


TABLE \ Treatment After Removal of Tumor of the Adrenal Cortex in Case 4 


5 Per Cent 


Cortical Physiologic Glucose in 5 Per Cent 
Extract Saline Physiologic Solution of 
Kendall Solution Saline Solution, Glucose, 
Day cc. cc. cc. cc. 

1 70* 1,000* 2,000 

2 20 1,000 1,000 

5 40 1,000 

6 40 1,000 

7 40 1,000 


* 40 cc. of the cortical extract and the 1,000 cc. of physiologic 
saline solution were given intravenously during operation. This 
was begun immediately after excision of tumor. 


lhe values for blood urea, serum sodium, serum potassium, serum chlorides, carbon- 

dioxide combining power of plasma, serum albumin and serum globulin were normal. The 

hematocrit reading was 56 per cent cells. On one occasion no estrin was demonstrable 

in the urine, and on another the test was positive for 60 rat units in urine excreted in 24 

hours. The urinary prolan was strongly positive for 5 rat units per liter. The urinary 

excretion of 17-ketosteroids was 7.3 mg. in 24 hours on one occasion, and 3.5 mg. on 

another. The urinary excretion of corticosteroids was 1.101 mg. in 24 hours. A glucose- 
tolerance test revealed a diabetic type of curve. 

On January 16, 1948, the left adrenal gland was exposed through a posterolumbar 

incision and a small, ovoid, yellow-brown encapsulated tumor involving from 65 to 75 

| per cent of the gland was seen. The tumor was removed and a fringe of normal gland 
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was left. The pathologist reported that the tumor weighed 10.5 Gm. and was an encap- 
sulated, well-circumscribed cortical carcinoma of low grade 1 (Fig. 8) 

The treatment with cortical extract (Kendall) and fluids which were administered 
intravenously after removal of the tumor is summarized in Table V. On the third post 
operative day no treatment was administered, and on the fourth day the temperature and 
pulse rose. On the fifth postoperative day treatment with cortical extract and 


solutions 











Fic. 8 (Case 4).—(a) and (b) Encapsulated carcinoma, low grade 
1, of the left adrenal cortex. 


% sodium chloride and glucose was resumed. The temperature and pulse returned to 


normal. 

During a period of four weeks following excision of the tumor of the adrenal cortex, 
successive determinations of the excretion of 17-ketosteroids per 24 hours, gave the 
following results: 2.9 mg., 1.0 mg., 0.7 mg. and 1.1 mg. The urinary excretion of corti- 
costeroids three weeks after the operation was 0.563 mg. in 24 hours 
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The postoperative course was marked by a troublesome cough for a few days and 
weakness, nausea and anorexia. The latter symptoms were still present at the time of her 
dismissal from the clinic on February 18, 1048. 

On June 30, 1948, the patient returned for re-examination. A remarkable change 
had taken place in her appearance. She had become a beautiful young woman (Fig. 7c). 


The hirsutism previously noted was gone; the skin had cleared; the striae had faded, and 


I 


had returned to normal. She stated that her general ltealth was good except for 


menses 

some weakness and occasional vomiting. Both had improved slightly when she took salt 
tablets. The urinary excretion of 17-ketosteroids was 1.6 mg. in 24 hours. The differ 
ential count showed 35 per cent lymphocytes. In October, 1948, when last heard from, 


the patient was gaining strength and improving generally. 
a Treatment Before and After Removal of Tumor of the Adrenal Certex 


5 Per Cent Glucose 


Cortical Extract Physiologic in Physiologic 5 Per Cent Solution 
(Kendal Saline Solution Saline Solution ot Glucose, 
Da ce ce ce ce 
} t f 
10 500 
Postoperative 
iy S00 
15 750 
i) ooo 
10 
10 
% the cortical extract and 300 c« wt physiologic saline solution were given 
during operation 
\ contained 0.5 per cent sodium citrate 
id ! tration of cortical extract was decreased gradua ifter the fifth post- 
d nd w topped on the thirteenth day. 
Case 5.—The patient, a male child 15 months of age, was first seen at the clinic on 
\pril 17, { For three months a marked change of physical features had been notice. 
/ + i ! J 
The child had gained 3 pounds (1.4 Kg.). The face had become obese and hair had 


ippeared on the face, body and genitalia. There had been an enlargement of the penis. 

Physical examination at the clinic revealed an obese infant with hirsutism involving 
the face, thorax, back and pubic area, facial acne, a well-developed penis and descended 
testes. He weighed 26 pounds (11.8 Kg.) and was 28 inches (71.1 cm.) tall (Fig. 9a). 
The blood pressure was 110 mm. of mercury systolic and 70 diastolic. 
Laboratory studies revealed alkaline urine, and 16.6 Gm. of hemoglobin per 100 cc. 
f blood. Erythrocytes numbered 4,810,000 and the leukocytes 19,600. The differential 
count was normal; there were 41 per cent lymphocytes. Roentgenograms of the thorax 
and skull revealed nothing abnormal. Roentgenologic studies of the bones revealed only 
conditions compatible with the patient’s age. The urinary excretion of 17-ketosteroids 
vas 4.1 mg. in 24 hours. This may be compared with a postoperative excretion of 0.2 mg. 

On the morning of the operation the patient was given subcutaneously 500 cc. of saline 
solution to which had been added 10 cc. of cortical extract (INendall). On May 1, 1942, 
the left adrenal gland was explored through a posterolumbar incision and found to be 
smaller than normal. The incision was closed and a similar incision was made on the 
right side \n ovoid and globular encapsulated tumor was removed from the adrenal 
gland on this side Phe specimen measured 6 by 5 by 2.5 cm. and weighed 40 Gm. 
Microscopic examination revealed a cortical adenocarcinoma of low grade 2 

The preoperative and postoperative treatment employed in this case for the preven 


tion of adrenocortical insufficiency is summarized in Table V1 
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The patient was dismissed on the 2Ist postoperative day after responding to the 

treatment outlined. The wound had healed after slight drainage and the patient’s general] 
condition was good. 

On February 8, 1943, the child returned to the clinic. His appearance had returned 

to normal (Fig. 9b) and he seemed to be in excellent health. He weighed 2734 pounds 


(12.5 Kg.) and was 3334 inches (85.7 cm.) tall. The urinary excretion of 17-ketosteroids 





| Fic. 9 (Case 5).—(a) Before, and (b) nine months after, removal of 
tumor of the right adrenal cortex 


was 0.2 mg. in 24 hours. In August, 1943, correspondence with the family revealed that 
the child was apparently well except for some intermittent slight drainage from a small 
part in the wound. In March, 1949, a letter from the child’s father stated that all 
evidence of the trouble due to the adrenal cortical tumor had disappeared. The boy, at 
the age of eight years, appeared to be growing and developing normally. 


Case 6.—The patient, a woman 42 years old, was seen at the clinic on February 19, 


1948. For two years she had had an increasingly severe lumbar backache and occipital 
headaches, and she had gained 20 pounds (9.1 Kg.). For the year and a half before her 
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admission she had been bedridden part of the time because of the severe backache and 
headaches. She fatigued easily and lost the 20 pounds which she had previously gained. 
Polydipsia and polyuria had developed. Six months before her admission she noticed an 
‘ncreased srowth of hair on the upper lip. The hair had become darker and there was 
hair on the cheeks and face. The facial features had thickened, the voice coarsened and 
menses had ceased. 

On physical examination the patient was 4 feet 10/2 inches (148.6 cm.) in height and 
07 pounds (48.5 Kg.). The blood pressure was 202 mm. of mercury systolic 


weighed : 
and 132 diastolic. Hirsutism of the face and extremities and a dry coarse skin were 
present (Fig. 10). Ecchymosis was pres- 

ent at the site of venipuncture. There 
was tenderness in the right upper quad 
rant and the right costovertebral angle. 
No mass could be felt. The legs were so 
weak that she had difficulty in stepping up 
on the exan ining table. The clinical pic- 
ture was a mixed one, including features 
of both Cushing’s syndrome and_ the 
adrenogenital syndrome. 

Roentgenograms of the thorax and 
skull revealed no abnormality. Those of 
the lumbar portion of the spinal column 
showed slight hypertrophic changes. The 
urine contained albumin, grade 2, and 1 to 
8 erythrocytes, and 3 to 20 pus cells per 
high-power field. There were 13.7 Gm. of 
hemoglobin per 100 cc. of blood, and 4,- 
440,000 erythrocytes and 10,700 leuko- 


cytes (16.5 per cent lymphocytes) per 





cubic millimeter. The sedimentation rate 
by the Westergren method was 66 mm. Fic. 


10 (Case 6).—Before removal of 
at the end of one hour. The value for the adenocarcinoma of the right adrenal cor- 
serum potassium was 2.1 mEq., for serum tex. This patient presented a mixed clinical 


picture, including features of the adreno- 


chl es, 8.9 mEq. and for serum sodium . eae 
ilorides, " ' genital syndrome and Cushing’s syndrome. 


142 mEq. per liter. The concentration of 
blood urea was 14 mg. and of sugar 100 
mg. per 100 cc. of blood. A glucose-tolerance test showed a diabetic type of curve. The 
excretory ul 


gram showed a soft-tissue mass, 5 by 6 cm., adjacent to the superior pole 


of the right 


kidney and displacing it downward. Before operation 3.2 mg. of 17-ketoste- 
roids, 30 rat units of estrin and 1.04 mg. of corticosteroids were excreted per 24 
hours, and more than five rat units of prolan were present per liter of urine. These values 
may be compared to a postoperative measurement of 0.5 and later 2.1 mg. of 17-ketoste- 
roids, 15 rat units of estrin and 0.438 mg. of corticosteroids excreted in 24 hours, 
together with less than five rat units of prolan per liter of urine. 

On February 28, 1948, through a right posterolumbar incision, an adrenal tumor was 
exposed. The 12th rib was resected for better exposure and a small opening was inadver- 
tently made in the pleura, which was immediately sutured. The tumor and all of the 
right adrenal gland were removed. After operation 350 cc. of air were aspirated from 
the right pleural cavity, which resulted in complete expansion of the lung as indicated by 
the roentgenogram. 

The pathologist reported that the tumor was 8 cm. in diameter and weighed 100 Gm. 
On microscopic examination it was found to be a cortical adenocarcinoma, grade 3. The 
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capsule was not intact, and because of this it was felt that the ultimate pro sis was 
probably poor 

Before the operation and for several days after it, the patient received treatment for 
the prevention of adrenocortical insufficiency following excision of the tumor This is 
summarized in Table VII. It is to be noted that potassium chloride was incorporated in 
the fluid given intravenously because of the finding of a low level of serum potassium 
before the operation. Recovery was uneventful except for slight anorexia on the eighth 
postoperative day and slight drainage from the wound. There was some anemia after 
operation, for which ferrous sulfate was prescribed. 

In May, 1948, the patient wrote that her condition was good, that the excess hair was 
disappearing, and that her face now appeared normal. In September, 1948, a letter from 
TABLE VII Treatment Before and After Ren f ec Tu e Adri Corte. 

in Case 6 
Cortical Extract 5 Per Cent G e in 
Day Kendall Physiologic Saline Soluti 
P.O ( 
v0 50 1,000 
1 60 2,000* 
2 30 11,0007 
3 60 2,00074 
1.5 Gm. of potassium chloride was added to each liter of fluid be ‘ the 
yreoperative level of serum potassium. 
+ 2.0 Gm. of potassium chloride was added to each liter of fluid 
her sister revealed the patient to be in critical condition and not expected to live. It was 
thought that her condition was due to recurrence of the tumor of the adrenal cortex 

Case 7.—The patient, a divorced woman age 50 years, came to the clinic on July 12, 
1948. She had undergone hysterectomy and oophorectomy in 19044. One year before her 
admission to the hospital, hypertension was found on a routine examination elsewhere 
At that time she had noted fullness of the face and neck. Her friends commented on how 
“fat” she was, although she had not gained weight. Six months before her admission she 
was given phenobarbital and injections of testosterone. Red spots developed on her right 
arm, which persisted after this treatment was stopped. Three months before her admissiotr 
a heightened color and roundness of her face had become quite conspicuous and she began 


to tire more easily 


Physical examination at the clinic showed her face to be re and high-colored 
with fine light hirsutism. The blood pressure was 170 mm. of mercury systolic and 100 
diastolic, and the body weight was 128 pounds (58.1 Kg.). The sl m the extremities 
was thin, and several ecchymotic areas were present. The extremities were thin, and there 
was a cervicothoracic hump. The clinical picture was that of Cushing’s syndrome 

The urine was acid in reaction. The blood contained 13.0 G of hemoglobin per 
100 cc. and 4,160,000 erythrocytes and 11,400 leukocytes (2! per cent lymphocytes) pet 
cubic millimeter. The sedimentation rate was 27 mm. in one hour by the Westergren 
method. The basal metabolic rate was —13 per cent. The concentration of blood urea was 
28 mg., of serum chlorides 101 mEq. per liter, of sodium 149 mEq. per liter, of serum 
potassium 4.2 mEq. per liter and of sugar 95 mg. per 100 cc. The carbon-dioxide com 
bining power of the plasma was 29.1 mEq. per liter. Roentgenograms showed diffuse 
osteoporosis of the skull with a normal sella turcica, slight osteoporosis of the entire 
spinal column and nothing abnormal in the thorax. An excretory urogram revealed essen 
tially normal conditions. The amount of 17-ketosteroids excreted in the urine was 4.9 and 
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6.7 mg. in 24 hours on two determinations. No estrin was demonstrated in the urine. 
*/ 


More than five rat units of prolan were found per liter of urine, and 1.59 mg. of cort- 
icosteroids was excreted in 24 hours. These amounts may be compared with the postoper- 


ative findings of 0.9 and later 0.7 mg. of 17-ketosteroids, and 0.2 


.25 mg. of corticosteroids 
excreted in 24 hours. 

[he patient was given 20 cc. of cortical extract (Kendall) intramuscularly on August 
29 and operation was performed on August 30, 1948. The left adrenal gland was exposed 


through a posterolumbar incision. No adrenal tumor was found. The wound was closed 


and a similar one was made on the right. An adenoma 2.5 cm. in diameter was found in 
the lower pole of the right adrenal gland and removed. The pathologist reported the 


tissue removed from the right adrenal gland weighed 7.25 Gm. and microscopic examin 
ation showed a hyperplastic adenoma. 

Treatment before and after removal of the tumor is outlined in Table VIII. The 
patient exhibited no symptoms which could be ascribed with certainty to adrenocortical 


nsufficiency, and the early postoperative course was uneventful. On the eighth day after 
nsu . Z ; : 


apLE VIII Treatment Before and After Removal of Tumer of the Adrenal Cortex 


in Case 7 


5 Per Cent Glucose 


Cortical Extract in Physiologic 5 Per Cent Solution 
Kendall Saline Solution of Glucose 
Day ce ce. ce 
Preoperative 
1 20 
0 40) 1,000 
Postoperative 
1 110 1,000 1,000 
2 80 1,000 2,000 
5 20 1,000 
+ 30 
5 20 
6 10 
operation, however, she began to experience nausea, anorexia and lassitude.* These 


symptoms were still present when she was permitted to return to her home on September 
16, 1948, 18 days after operation. 


he patient returned for re-examination on January 3, 1949. Nausea and anorexia 
had persisted at home until the latter part of November, 1948, and her weight had 
declined to 105 pounds (47.6 Kg.). By about the middle of November all the features of 
Cushing’s syndrome had disappeared. With the subsidence of these features she had begun 
to experience aching pain and stiffness in the fingers, elbows, shoulders, knees and feet. 
hese symptoms were present when she returned for re-examination. 
unination disclosed nothing to suggest that the patient had ever had Cushing's 
The blood pressure was I15 mm. of mercury systolic and 72 diastolic. She 
veighed 113 pounds (51.3 Kg.). It was felt that the clinical picture with respect to the 
probably that of periarticular fibrositis, but the elevation of the sedimentation 
f erythrocytes to 40 mm. in one hour by the Westergren method suggested that the 
condition might be early rheumatoid arthritis. The urinary excretion of 17-ketosteroids 


was 1.6 mg. in 24 hours, while the corticosteroids measured 0.35 mg. The leuko- 
cytes, 39.5 per cent of which were lymphocytes, numbered 7,300 per cubic millimeter of 
blood. A glucose-tolerance test revealed a normal blood-sugar curve. Roentgenograms 

* This type of postoperative reaction as it was observed in four patients following 


subtotal adrenalectomy for Cushing’s syndrome has been described in detail by Kepler, 
Sprague, Mason and Power.’ 
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of the skull showed much less osteoporosis than had been evident in the roentgenograms 

made in July, 1947. Roentgenograms of the right hand showed soft-tissue swelling of 

the proximal interphalangeal joints, with minimal destructive changes consistent with 
rheumatoid arthritis. 


Case 8.—The patient, a girl 40 months of age, was seen at the clinic on September 
9, 1947. When she was two years of age her mother had noticed enlargement of the 
child’s clitoris. At the age of 35 months pubic hair was noted. Since the age of 32 months 
her habitus and face had been plumper than previously. 





Fic. 11 (Case 8).—(a) Immediately following, and (b) six months after 
removal of the carcinoma of the right adrenal cortex. 


Physical examination at the clinic revealed that the child had a round face, a slight 
amount of pubic hair and a clitoris 1 inch (2.5 cm.) long (Figs. 11a and 12). Otherwise 
the physical examination gave essentially negative results. Laboratory examination 
revealed normal urine and 14.1 Gm. of hemoglobin per 100 cc. of blood. Roentgenograms 
of the head and thorax showed no abnormality and those of the bones showed development 
consistent with an age of 45 months. The quantity of 17-ketosteroids excreted in the 
urine in 24 hours was 6.2 mg. 
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The child returned home and was brought back to the clinic for further observation 
three months later, on December 4, 1947. Symptoms and physical findings had not 
changed. The urinary excretion of 17-ketosteroids was 6.8 mg. in 24 hours. 

The patient was prepared for operation by intramuscular administration of 10 cc. of 
cortical extract (Kendall) the evening before the operation and of an additional 10 cc. on 
the morning of the operation. On December 5, 1947, the left adrenal gland was exposed 
through a posterolumbar incision and 
found to be a third of the usual size. The 
-ight side was then explored and a multi- 
f three components, each 


, 
locular tumor « 
2.5 cm. in diameter, was seen and re- 
moved. The pathologist reported that the 
lesion was a_semi-encapsulated partly 
solid and partly cystic, hemorrhagic car- 
cinoma of the adrenal cortex of low grade 
2: it weighed 36 Gm. 

Following the operation, the child 
was treated with cortical extract (Ken- 
dall) and solutions of sodium chloride 
and glucose (Table IX). No signs of 
adrenocortical insufficiency were observed. 
Her convalescence was uneventful. Ten 





days after excision of the tumor the uri- aaa 

nary excretion of 17-ketosteroids was 0.3 Fic. 12 (Case 8).—Pubic hair and enlarge- 
mg. and that of cortin-like substances was ment of the clitoris. 

0.165 mg. in 24 hours. 


TABLE IX Treatment Tefore and After Removal of Tumor of the Adrenal Cortex 
in Case 8 


5 Per Cent Glucose 


Cortical Extract in Physiologic 5 Per Cent Solution 
(Kendall) Saline Solution of Glucose 
Day Ge. cc ce. 


Preoperative 


1 10 
0 10 
Postoperative 

1 35 800 
2 30 200 500 
3 30 400 
4 20 

5 20 

6 15 

7 10 

8 5 


On June 8, 1948, the patient was brought back to the clinic. Her mother stated that 
the child had been in good health except for one bout of nausea and vomiting. There had 
been a change in her general appearance, so that her face and body habitus were much 
more slender than formerly (Fig. 11b). The urinary excretion of 17-ketosteroids was 0. 


SUMMARY 

The clinical pictures associated with hyperfunction of the adrenal cortex 
are extremely protean in nature and presumably depend upon the type and 
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the quantity of steroid hormones produced, the age and sex of the patient and 
perhaps on other factors. 

For patients presenting clinical syndromes known to be associated with 
hyperfunction of the adrenal cortex, the problem of differentiating between 


tumor and hyperplasia has been simplified, though not entirely solved, by 
methods of urinary assay. 

The purpose of the present paper is to present a group of eight cases of 
proved tumors of the adrenal cortex which exemplify some of the problems 
encountered in diagnosis and surgical treatment. These cases supplement the 
ten cases reported in 1y24 and the seven reported in 1938. 

At the time of these earlier reports, methods for assay of urinary steroids 
were either unknown or were in an early stage of development and little was 
known of the effects of pure adrenal steroid hormones. 

Desoxycorticosterone has its effect upon salt-and-water metabolism; Com 
pounds A, B, E and F of Kendall on carbohydrate and protein metabolism ; and 
the first two on fat metabolism. Androstenedion and andrenosterone ; estrone 
and progesterone have androgenic, estrogenic and progestational effects, 
respectively. 

Edema, hypertension and congestive heart failure may result from retention 
of salt and water and loss of potassium may lead to profound muscular 
weakness 

Overproduction of hormones having physiologic effects like Compound 
Kk and Compound F may explain the diabetes mellitus, the negative nitrogen 
balance, the muscular weakness, the osteoporosis, the thinning of skin and the 
ecchymosis, and the effect of lymphoid tissue may explain the leukopenia 
which is characteristic of Cushing's syndrome. 

Virilism, hirutism, baldness, amenorrhea, florrid skin, hypertrophy of the 
clitoris, acne, masculinization of the voice in women and alteration of the 
habitus in the direction of masculinity might result from the production of an 
excessive amount of androgenic material by an adrenocortical tumor—and 
likewise the occurrence of sexual and somatic precocity in children. 

Overproduction of estrogens and of compounds having an action like that 
of progesterone may explain the vaginal bleeding and sexual precocity in girls 
who have tumors of the adrenal cortex and the occurrence of impotence and 
gynecomastia in men. 

Lastly, and of extreme importance, is the fact that a patient with a hyper- 
functioning tumor of the adrenal cortex and virilism is likely to excrete a large 


amount of 17-ketosteroids in the urine, and, on the contrary, if evidence of 


virilism is minimal or lacking, as in Cushing’s syndrome, the excretion of 


17-ketosteroids may not be elevated. 
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INDICATIONS AND RESULTS OF SPLENECTOM Y* 
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FROM THE DEPARTMENTS OF SURGERY AND INTERNAL MEDICINE, UNIVERSITY OF ILLINOIS 
COLLEGE OF MEDICINE AND THE RESEARCH AND EDUCATIONAL HOSPITALS, 
CHICAGO, ILLINOIS 


IN SPITE OF THE FACT that much progress has been made in the diagnosis 
and treatment of splenic disease during the past few decades, there is still 
considerable controversy in this subject, particularly concerning the indications 
for splenectomy. Thrombocytopenic purpura illustrates this point well, 
since in many instances, the disease is of the secondary (symptomatic) type 
in which splenectomy is rarely effectual. 


FUNCTIONS OF THE SPLEEN 

The functions of the spleen are but incompletely elucidated, but a knowledge 
of its function is essential in considering indications and contraindications of 
splenectomy. More is known of the adverse physiologic effects of a diseased 
spleen on the organism than of the functions of the normal spleen. 

The removal of the normal spleen apparently does not have any detrimental 
consequences on the general well-being of the patient. Certain of its normal 
functions which it shares with other hemopoietic organs can be quickly taken 
over after extirpation of the spleen. On the other hand, the spleen in certain 
pathologic states may develop unusual importance and even become injurious 
to life. 

Normal Functions of the Spleen. The spleen contains the largest collection 
of lymphoid tissue in the body and the bulk of the reticulo-endothelial cells. It 
is intimately concerned with red blood cell destruction (almost one trillion per 
day) and potentially with blood formation, although the physiologic mechanism 
involved in these splenic functions is not known. In fetal life, the spleen is 
active in the formation of all types of blood cells and can revert to this function 
upon demand at any period of life. In the adult this activity is limited to the 
production of lymphocytes and monocytes. The spleen actively participates 
in the elimination of erythrocytes and the products of their disintegration, 
together with bacteria and other foreign matter. It is interesting to note that 
this normal process of red blood cell destruction is greatly increased in certain 
pathologic conditions. In some unknown way the spleen renders circulating 
erythrocytes more fragile. By the reticulo-endothelium of the spleen the hemo- 
globin from worn-out erythrocytes is converted into bilirubin for passage to 
the liver. 


Much of the iron in the body is stored in the spleen, where it is available for 


* Read before the Southern Surgical Association at White Sulphur Springs, W. Va., 
December 7, 1948. 
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the elaboration of hemoglobin and the formation of new red blood cells. The 
spleen, by virtue of its spongy network of pulp elements, serves as a controllable 
blood reservoir, thus aiding the circulation when demand for blood is increased. 

The spleen exerts an inhibitory action on the hemopotetic function of the 
bone marrow, as evidenced by the almost constant occurrence of thrombocy- 
tosis and leukocytosis following splenectomy. Other probable functions of the 
spleen are related to immunity, filtration of bacteria from the blood stream, 
digestion, metabolism and tumor formation. 

Abnormal Functions of the Spleen. In reality, the abnormal functions are 
much more important to the clinician than the normal functions. Most of these 
abnormal functions are related to overactivity of one or more of the normal 
functions, thus giving rise to the term /ypersplenism. The functions most 
often becoming abnormal or overactive are the inhibiting effect on the bone 
marrow and the increase in fragility of the red blood cells. If the inhibition 
on the bone marrow affects platelet formation (which probably is a failure of 
maturation of megakaryocytes to platelets, secondary to some chemical product 
formed abnormally by the spleen), thrombocytopenic purpura is produced. In 
hemolytic anemia the fragility of the erythrocytes, particularly the spherocyte, 
is increased, thus giving rise to sufficient erythrocytic destruction to produce 
anemia and jaundice, the latter from increased formation of bilirubin from the 
hemoglobin of destroyed red cells. 

If the bone marrow inhibition is limited to formation of neutrophiles (1.e. 
granulocytic maturation ), the disease is known as splenic neutropenia. 

Various combinations of the above abnormalities are encountered. When 
all three are present the disease is designated as panhematocytopenia. In Banti’s 
disease, and Felty’s disease the inhibition of granulocytic maturation is also 
present, although in these diseases other abnormal features, as described later, 
are encountered. 

The cellular elements of the blood may be formed in excess by the spleen. 
When the white cells are involved, one of the types of leukemia will result. 

Effects of Removal of the Spleen. Removal of the spleen normally results 
in certain changes in the cellular elements of the blood or changes in the 
physiology. For example, leukocytosis and thrombocytosis regularly follow 
splenectomy. These changes reach a peak in 6 to 14 days and then slowly 
revert to normal. There is also a temporary slight increase in the erythrocyte 
count. The platelets may increase from a normal figure varying between 
200,000 and 400,000 to 1,500,000. If the increase approaches the last figure 
named, it is desirable to give an anticoagulant such as heparin ( Norcross’), 
particularly if the splenectomy has been performed for Banti’s disease, because 
thrombosis (venous) and emboli (pulmonic) are so apt to develop. There is 
no greater tendency for an increase in the platelet count in Banti’s disease than 
any other disease, but the stasis of blood in the portal vein and remnant of the 
splenic vein makes thrombosis at one of these sites more likely. The effects of 
splenectomy on bone marrow constituents have been described by Limarzi 


and associates.” 
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CO-OPERATION BETWEEN THE SURGEON AND THE HEMATOLOGIST 

It is highly essential that close co-operation between the surgeon and the 
hematologist be maintained with every patient upon whom splenectomy js 
contemplated, particularly if indications are not definite. sa matter of fact. 
indications can rarely be classified as positive unless the results of a sternal 
puncture are known. The necessity of skill in the interpretation of bone mar 
row smears is the important factor demanding co-operation between the two 
clinicians mentioned. The technic of sternal puncture and interpretation 


smears has been described elsewhere by Limarzi and associates 


INDICATIONS FOR SPLENECTOMY 
1. Hemolytic Jaundice. Vhere are two types of hemolytic jaundice, namely 


congenital (familial) and acquired. Because results of splenectomy in the 


acquired type are so unsatisiactory, it is essential to differentiate between these 


two conditions. In the congenital type several members of a family may be 
affected, and the condition may be traced back through several generations. 
In the average case there is little interference with the well-being of the patient 
except for the marked yellow coloration of the skin and sclera and a slight 


anenua. Symptoms are occasionally not noted until adult life 

Splenomegaly, jaundice, anemia, microspherocytosis and increased fra; 
of the red cells in hypotonic salt solution are the prominent manifestations of 
congenital familial jaundice ; reticulocytosis and increased urobilinogenuria are 
usually noted. The spleen is usually greatly enlarged and may be ten times 
larger than normal. One-half to two-thirds of the patients have gallstones 
(Pemberton'). The tendency of the spleen to filter out and destroy the sphero 
cytes (consistently present in the disease) is responsible for the jaundice and 
splenomegaly (Haden”). The bone marrow reveals hyperplasia of the myeloid, 
erythyroid and megakarocytic elements, although in this disease the marrow 
hndings cannot be considered diagnostic. The increase in hone marrow activity 
results in an increase of nucleated red cells (especially reticulated red cells) 
up to 10 per cent in the blood. 

The manifestations of acquired hemolytic jaundice are very similar to those 
of the congenital type as described above. Acquired hemolytic anemia may 
result from circulating hemolysins such as may follow the repeated transfusion 
of an Rh negative patient with Rh positive blood or the activation of a specific 
hemolysin in some syphilitic persons by exposure to cold, severe burns, 
bacterial infections (especially those due to anaerobic organisms) or snake 


venom. Lederer’s anemia is an atypical (acquired) type of acute hemolytic 


anemia secondary to an infectious process. It has been found most commonly 
following respiratory infections among children. There may be a_ palpable 
spleen, spherical microcytosis and increased fragility. Lederer’s anemia 1s 
corrected by transfusions of blood. Recovery is complete and the condition 
does not recur. Parasitic infections such as malaria, poisons such as lead or 


phenylhydrazine and sensitivity to drugs or plants are other etiologic factors 


which must be considered in the diagnosis. It must be remembered that hemo 
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lytic anemia may be a complicating feature of many diseases in which spleno- 
megal) may or may not be a characteristic finding, such as Hodgkin’s disease, 
leukemia, myeloid metaplasia of the spleen (agnogenic myeloid metaplasia of 
the spleen), lymphosarcoma, carcinomatosis, severe liver damage, dermoid 
cyst of the ovary, etc. Some of these conditions may be associated with a 
spherocy tic type of anemia and increased fragility. It is of importance that the 
hemolytic process sometimes disappears following treatment of the associated 
disease ; for example, by the removal of a dermoid cyst. Not infrequently (but 
in less than 50 per cent of cases) splenectomy will effect a cure in acquired 
hemolytic anemia, but without affecting the underlying primary condition, such 
as the leukemia, Hodgkin’s disease, etc. 

In 35 cases of hemolytic jaundice studied by Watson,® 20 were of the 
microcytic type (familial or congenital) and 15 of the macrocytic (secondary 
or acquired). In only two of the latter group was there increased fragility of 
the red cells in hypertonic salt solution. In this group of 15 with secondary 
jaundice, eight were associated with liver disease, three with Hodgkin’s disease, 
two with leukemia, one with hyperthyroidism and one with chronic bleeding 
into an ovarian cyst. 

In hemolytic anemia, transfusions commonly produce severe reactions. This 
complication gives rise to a serious problem in the treatment of the disease, 
particularly when an acute hemolytic crisis develops. However, it is now fairly 
universally agreed to submit patients with the congenital type of hemolytic 
jaundice to immediate splenectomy if crisis is present; transfusions should be 
started only at the end of the operation, after the splenic pedicle has been 
ligated. 

Since results are so consistently good and the operative mortality rate so 
low in the congenital type, this disease represents one in which indications for 
splenectomy are perhaps stronger than in any other disease. This is particu- 
larly true if symptoms, especially anemia, are manifested in childhood, since 
normal growth and development may be retarded. 

2. Thrombocytopenic Purpura. Ina consideration as to the indications for 
splenectomy in purpura it is essential to distinguish between primary (Werl- 
hof’s) and secondary or symptomatic purpura, since splenectomy is of little or 
no value in the latter condition which may be secondary to drugs, leukemia, 
aplastic anemia, radiation (roentgen and radium), tumors, infections, etc. 

Classical manifestations are prolonged bleeding time, normal coagulation, 
no clot retraction, low platelet count, anemia, ecchymosis, petechiae and bleed- 
ing from mucous membranes or body orifices. The anemia is directly related to 
the loss of blood and gives rise to such symptoms as weakness, malaise and loss 
of weight. The tourniquet test (blood pressure cuff on arm at diastolic 
pressure for five minutes) is positive. Details of differential diagnosis and bone 
marrow studies have been discussed elsewhere (L. R. L.‘). In essential (pri- 
mary) thrombocytopenic purpura the spleen is only slightly enlarged. Marked 
enlargement of the spleen speaks against primary thrombocytopenic purpura. 

Bone marrow examination is diagnostic, revealing a marked increase in the 
number of immature megakaryocytes without platelet production, due presum- 
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ably to an inhibiting effect of the spleen (hypersplenism) on their maturity 
and release from the bone marrow into the blood stream. In fact, the number of 
megakaryocytes in the bone marrow is such a reliable indication of true throm- 
bocytopenic purpura that it may be used as an index of prognosis following 
splenectomy. 

The disease has numerous recurring cycles and is rarely seen under the 
age of 10 or after the age of 40. Hemorrhage (from the uterus, gums, nasal 
septum, etc.) may be severe and in fact is not uncommonly fatal. The authors 
are convinced that severe hemorrhage is a strong indication for immediate 
operation and not a contraindication. Without question the high operative 
mortality rate noted in such cases in previous years was related to the failure 
to have enough blood available at the time of operation or the failure to give it, 
As many as four to six pints of blood may be necessary before the operation is 
started and as many more during and shortly after operation. Rapid trans- 
fusion (of the intra-arterial type) may be indicated when bleeding has pro- 
gressed to the shock level. 

The disease responds so well to splenectomy, and the danger of severe 
hemorrhage is so great and unpredictable, that some authorities® advise 
splenectomy in practically all cases, once a definite diagnosis of thrombocyto- 
penic purpura is made. 

3. Banti’s Disease. Symptoms vary considerably in this disease, which 
frequently is difficult to differentiate from cirrhosis of the liver and other dis- 
eases of the liver and spleen. The disease has been designated as congestive 
splenomegaly by Rousselot” because of the portal hypertension produced by 
obstruction of portal blood in the liver or vein itself. 

Important manifestations are splenomegaly, anemia and leukopenia; jaun- 
dice and ascites developed relatively late. Fibrosis is present in the spleen 
and liver, but hepatic cirrhosis is not as pronounced as in the classical atrophic 
cirrhosis. Adhesions between the spleen and adjacent structures are more 
dense than in any other disease with splenomegaly. These adhesions are 
usually vascular; the vessels are venous channels shunting blood from the 
portal to the systemic circulation. In 43 cases studied by Borg and Dulin," 
39 per cent had a history of hematemesis. 

Sone marrow findings are variable, depending largely upon the stage of the 
disease. In the earliest stage the bone marrow shows a myeloid hyperplasia 
(maturation arrest) and there is a moderate anemia and leukopenia in the 
peripheral blood. In the last stage of the disease, in which cirrhosis of the liver 
has developed, the marrow reveals a marked erythroid immaturity as well as 
a maturation arrest of the myeloid tissue and an increase in the number of 
megakaryocytes. In a study of 21 cases Limarzi and associates* noted that the 
anemia was normocytic in 16, microcytic in three and macrocytic in two. The 
platelet count was low in six of the 21 cases. The icterus index was elevated 
in about half. 

Opinions vary considerably as to whether or not splenectomy is indicated 
in this disease. The present authors agree with many authors that splenectomy 
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may have curative but more often only remedial effects on the disease in early 
cases. Since hepatic insufficiency exists, as will usually be revealed by hepatic 
function tests, extensive preparative treatment consisting of transfusions as 
indicated, high carbohydrate and high protein diet and vitamin supplementa- 
tion should be instituted before operation is performed. 

In the advanced cases we are convinced that the operative mortality rate is 
so high (5 of 13 in our series) that it overweighs by a large margin any 
benefit produced by splenectomy. As a matter of fact, it is reasonable to expect 
that splenectomy would actually be deleterious when vascular adhesions 
between the spleen and abdominal wall exist, since removal of the spleen would 
destroy venous channels which carry blood from the engorged portal system to 
the systemic. We are of the opinion that ligation of the splenic artery, with 
preservation of the vascular adhesions, would diminish the pressure in the 
portal system, and portal blood would thus have a better opportunity of gaining 
access to the systemic circulation. Ligation of the splenic artery is not designed 
to take the place of splenorenal or portacaval shunt when either of these oper- 
ations is indicated. 

4. Thrombosis or Anomalous Obstruction of the Splenic Vein. There is 
controversy as to whether or not this condition should be classified as a sep- 
arate entity since many observers believe that a large percentage of patients 
with Banti’s disease have some type of obstruction of the portal or perhaps the 
splenic vein as the etiologic factor. They remark that in the early stages of 
santi’s disease, as in this condition, the liver shows no change. We have no 
final opinion as to whether this condition should or should not be included in 
Banti’s disease, but have been unable to produce an hepatic cirrhosis of the 
Banti’s type experimentally'” by various types of obstruction of the portal and 
splenic veins; we are therefore inclined to classify this lesion separate from 
Banti’s disease. We have identified five cases in our series as thrombosis or 
obstruction of the splenic vein, none of which revealed any fibrosis of the liver. 
However, our impressions are confused by the fact that an additional patient 
with a liver of normal appearance, and a large spleen at the time of operation, 
died 18 months after splenectomy with a large liver (without confirmation of 
autopsy). We classified this patient in the Banti’s group, primarily because 
of the fatal outcome and the unconfirmed report of an enlarged and diseased 
liver obtained from the attending physician. We are strongly of the opinion 
that splenectomy in the early stages of splenic vein obstruction should be 
curative, but equally convinced that splenectomy in early Banti’s disease will 
by no means be curative in all cases. 

The manifestations of chronic obstruction of the splenic vein are similar 
to the manifestations of early Banti’s disease, namely splenomegaly with slight 
and varying degrees of anemia, leukopenia and thrombopenia. Hemorrhage 
from esophageal varices is common; it was present in all five cases of our 
series. In these cases with bleeding and many others, roentgen-ray exam- 
ination of the esophagus with barium will reveal varices. Jaundice was not 
present in any of our cases. Bone marrow findings are similar to those of early 
Banti’s disease. 
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In three of our five cases we were fairly certain that the splenic 
vein was absent or completely obstructed, since no sizable vein could be found 
even at the hilus. However, as has been emphasized by Whipple,!* the presence 
of obstruction, or its location, can not be accurately demonstrated at operation 
in more than half the cases unless injection of diodrast into portal tributaries js 
carried out with the roentgenogram. As stated previously, we believe that 
splenectomy will be curative in all cases when performed reasonably early in 
the disease. We are likewise of the opinion that most of the patients with 
so-called early Banti’s disease cured by splenectomy are patients with 
obstruction of the splenic vein. 

5. Felty’s Disease. There is likewise controversy as to whether or not this 
syndrome as described by Felty'* nearly 25 years ago is a separate entity. After 
studying the five cases we have classified as such, we are convinced they cannot 
be classified in any other group, although in reality they do represent cases of 
secondary splenic panhematocytopenia. Four of the five cases originally 
described by Felty had an anemia, whereas all had a neutropenia ; there was no 
record of a platelet count. 

The spleen shows reticular hyperplasia and erythrophagocytosis. The bone 
marrow is usually hypercellular, predominantly involving the granulocytic 
elements. The usual manifestations are chronic deforming (rheumatoid) 
arthritis, painful joints, anemia, splenomegaly, leukopenia, cutaneous pigmenta- 
tion and lymphadenopathy. All of our five cases had an anemia as well as 
neutropenia; two of them also had a thrombocytopenic purpura. For this 
reason it appears that our cases, at least, could be classified as splenic pan- 
hematocytopenia, but of the secondary type, since the rheumatoid arthritis 
was an important feature of the disease. Although splenectomy, originally per- 
formed by Hanrahan and Miller’ for the disease in 1932, may not be curative 
in this disease, there was such definite improvement (at least of temporary 
nature) in three of our five cases that we recommend it if the physical condi- 
tion of the patient permits. 

6. Splenic Neutropenia. This is a relatively rare condition, described in 
1939 by Wiseman and Doan,"* consisting of splenomegaly and peripheral gran- 
ulopenia. The disease probably represents a selective form of hypersplenism in 
which the splenic hormones have a deleterious effect on the maturation and 
delivery of granulocytes from the bone marrow to the blood. The bone marrow, 
in most cases, reveals a myeloid hyperplasia, which must be demonstrated 
before splenectomy is advised. According to Wiseman and Doan, the spleen 
shows clasmatocytosis with excessive phagocytosis of granulocytes. Results 
of splenectomy will be very good if the bone marrow shows a normal or 
increased number of normally developing granulocytes in the bone marrow. 

7. Primary Splenic Panhematccytopenia. This is likewise a rare disease™ 
which responds very well to splenectomy. It may be congenital, acute or even 
secondary to such conditions as Hodgkin’s disease, drug sensitization, Gauch- 
er’s disease, etc. The disease also represents a type of hypersplenism in which 
the splenic hormonal functions become exaggerated and result in an inhibitory 
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effect on the maturation and delivery of granulocytes, erythrocytes and _plate- 
lets from the bone marrow to the blood. In some cases the spleen at the same 
time destroys red blood cells excessively ; thus, a hemolytic component may be 
added to the three factors just mentioned. Examination of the peripheral blood 
reveals a neutropenia, anemia and thrombopenia, or in others words a pancyto- 
penia results. Figuratively speaking, the disease is therefore a combination of 
hemolytic anemia, purpura and neutropenia. Bone marrow smears show a 
hyperplasia of all marrow elements with normoblasts predominating. These 
marrow findings must be demonstrable before a splenectomy is advised. 

8. Rupture of the Spleen. This injury is, of course, an indication for splen- 
ectomy but since it involves no controversial points in the physiologic mechan- 
ism of the spleen, it will not be discussed, and our cases will not be reviewed 
herein. 

g. Cysts, Primary Tumors and Abscesses. These lesions constitute a fairly 
definite indication for splenectomy, although a definite diagnosis can usually be 
made only by exclusion, and then not with a high degree of accuracy. In a 
review of this subject, Fowler’® has noted that some cysts are true cysts of the 
dermoid or lymphangiomatous type whereas the majority (about 80 per cent) 
are false cysts of the hemorrhagic type caused by trauma, inflammation or 
parasites. Abscess of the spleen is extremely rare and difficult to diagnose. If 
the spleen is not densely adherent, it should be removed; otherwise drainage 
may be the procedure of choice, particularly if it is not necessary to drain 
across the free peritoneal cavity. 


MISCELLANEOUS CONDITIONS FOR WHICH SPLENECTOMY 
MAY BE INDICATED 

Of this group of lesions, Gaucher's disease is probably the most important. 
The primary pathologic feature of this disease is deposition of a large amount 
of lipoid material in the spleen, bone and lymph nodes. Important manifesta- 
tions are splenomegaly, anemia, and pigmentation of the skin, especially over 
the face and neck; the disease is usually observed in young girls. Late in the 
disease a large liver develops. Reticular cells and foam cells in the bone mar- 
row are fairly diagnostic. The bone marrow appears to be just as important 
in the etiology as is the spleen, which explains why splenectomy is only palli- 
ative. Occasionally panhematopenia develops, on which occasion splenectomy 
is definitely indicated. In the absence of this complication, splenectomy is 
rarely indicated in late cases. 

Not infrequently in massive operations for malignant tumors such as 
carcinoma of the cardiac end of the stomach, the operation is made much easier 
if the spleen is removed with the stomach and omentum. 

Ptosis of the spleen is occasionally an indication for its removal, but usually 
only when it is enlarged by some secondary process as it was in one of our 
patients with early Banti’s disease. 

Occasionally malaria constitutes an indication for splenectomy but only when 
the disease is completely eradicated and the residual enlargement of the spleen 
is so marked as to give rise to symptoms because of its size. When recurring 
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attacks of malaria develop in spite of adequate therapy, and a large spleen jis 
present, it may be justifiable to remove the organ, hoping to eliminate the site 
where the malarial organisms remain and give rise to recurrent attacks 

It should be emphasized that it has been largely through trial and error 
for many years past that indications and contraindications have been clarified, 
However, it is true that during the past few years the range of indications has 
increased slightly to include lesions in which splenectomy can be considered 
only as palliative. This has been brought about through improvements in 
surgical skill and anesthetic technic, better preoperative and postoperative care 
and the use of massive transfusions, sulfonamides and penicillin. 


CONTRAINDICATIONS FOR SPLENECTOMY 

Pernicious anemia, Hodgkin's disease, leukemia and polycythemia are dis- 
eases for which splenectomy is contraindicated. The same may be said for 
agnogenic myeloid metaplasia (myeloid metaplasia of the spleen) although we 
have one patient in our series of splenectomies classified as such. The reports 
on the value of splenectomy in cases of sickle cell anemia have been contradic- 
tory. In the hypertrophic stage, splenectomy has been recommended. We have 
observed no clinical or hematologic benefit from splenectomy in a case reported 
herein and in another case observed before the date when this series was started. 
Splenic enlargement of the acute splenic tumor type, so commonly seen in cer- 
tain acute infections, is a definite contraindication for splenectomy. Spleno- 
megaly due to such parasites as those encountered in trichinosis, filariasis, 
kala-agar and distomiasis constitute contraindications, although splenectomy in 
echinococcus disease may occasionally be justified. Obviously, there is no 
justification for splenectomy for metastases of malignant tumors. 


[IMPORTANT POINTS IN THE TECHNIC OF SPLENECTOMY 

It is not our intention to discuss technic in this presentation, although we 
do wish to emphasize a few of the important features of the operation. The 
details of splenectomy have been presented elsewhere by one of us (W. H. 
C.1°). The authors appreciate that any operation may be performed through a 
variety of incisions, but have given up the paramedian incision because expos- 
ure is so poor, particularly on the lateral side. We have adopted an incision 
which starts at the ensiform cartilage as a left paramedian incision, proceeds 
downward and across the rectus muscle, thence laterally, parallel to the costal 
margin. The Singleton incision,”° which may be classified as an oblique trans- 
verse incision, starts in the midepigastric line half way between the ensiform 
and umbilicus, retracting the rectus to the right without cutting it. Our objec- 
tion to this incision is that exposure is very poor just under the diaphragm, 
where large vessels are constant in the upper portion of the gastrosplenic liga- 
ment, and in the diaphragmatic attachment when portal hypertension exists. 
Any of the oblique transverse incisions, including the one preferred by us, will 
sacrifice the eleventh spinal nerve, but no paralysis will result from section of 
just one spinal nerve. The twelfth can readily be retracted laterally and pre- 
served. When the spleen is large we have found it to be of great advantage, 
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and frequently a relief to the surgeon’s blood pressure, to ligate the splenic 
artery as practiced by Singleton and many others. The artery can be secured 
through an opening in the gastrohepatic omentum, but we have found it more 
desirable to ligate it at the superior border of the pancreas, where it is found 
readily after incision through the thin posterior peritoneum. When the artery 
is large, as will be the case when the spleen is large, exposure of the vessel 
will be most readily obtained. A great advantage of preliminary ligation lies in 
the fact that the spleen is emptied of its blood during manipulation incident to 
its mobilization, thus supplying an autogenous transfusion. The fascia in any 
incision for splenectomy should be closed with silk or cotton. We have had no 
wound separations or hernias following use of the incision as described herein. 
A thoraco-abdominal incision makes splenectomy easier and in difficult cases 
will often be justifiable. 
RESULTS OF SPLENECTOMY 

The operative mortality following splenectomy will vary moderately, 

depending to a great extent upon the number of patients in the series having 

3anti’s disease. It has been noted by practically all authors, as indicated below, 
that the mortality is much greater in Banti’s disease than in any lesion for 
which splenectomy is performed. In our total series of 87 splenectomies during 
the past ten years, we had seven deaths, constituting a mortality of 8.0 per cent. 
Haden reports an operative mortality of 14 per cent in 56 splenectomies, closely 
resembling a rate of 16.6 per cent in 30 patients reported by Singleton. Lahey 
and Norcross report a remarkably low death rate of 2.2 per cent in 83 patients. 
All the above figures are related to splenic disease and do not include patients 
operated upon for rupture of the spleen, nor patients in whom splenectomy was 
performed for malignant disease of some adjacent organ. 

Hemolytic Anemia. In our series of 28 patients having splenectomy for 
hemolytic anemia, 23 were classified as congenital or familial; the results in 
all of this group can be classified as good to excellent. In congenital hemolytic 
jaundice the spherocytes function normally after splenectomy, thus explaining 
why removal of the spleen relieves the jaundice (Haden*). 

In our series of hemolytic anemias there were five cases of atypical 
(“acquired”) hemolytic anemia of unknown cause; results in this group are 
very poor. In the first case, splenectomy was performed in a six-months-old 
infant with acute hemolytic anemia with an erythroblastosis that failed to 
respond to blood transfusions prior to removal of the spleen. The boy is now 
approximately eight years old and presents the blood findings of a chronic 
hemolytic anemia. Spherocytosis and increased fragility of the red blood cells 
have not been observed. The clinical and hematologic findings are not those of 
Cooley’s or Mediterranean anemia. The result is classified as poor. 

The second case is that of a 56-year-old white female with splenomegaly, 
jaundice and chronic hemolytic anemia, who was subjected to splenectomy in 
1939. She gave a history of frequent upper respiratory infections and temper- 
ature elevations. Following the removal of the spleen the hemolytic process 
subsided but the anemia was only moderately improved. This case probably 
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represents an acquired hemolytic anemia on an infectious basis. Although 
splenectomy apparently corrected the hemolytic component, the infection which 
was still present suppressed the bone marrow erythropoiesis. Chemotherapy 
had little effect on her phases of temperature elevation which was never abso- 
lutely explained. She died in 1948. 

The third case was a four-year-old white girl with acute hemolytic anemia 
(red blood count as low as 990,000 and a reticulocytosis of 90 per cent) in 
whom the erythrocytes and hemoglobin failed to show any appreciable rise with 
repeated transfusions. She was splenectomized with no immediate postoper- 
ative difficulty. There was a temporary but definite improvement in the 
hemolytic process. Two weeks following the operation she suddenly became 
worse and died 24 hours later with what appeared to be a recurrence of the 
acute hemolytic process. 

The fourth case of acquired hemolytic anemia was a white girl, 15 years 
of age, in whom autohemolysins were demonstrated (Doctor Davidsohn) 
during a hemolytic crisis. During the subsiding crisis, which was not associated 
with an increase in the hemolysin titre, splenectomy was performed. There 
was an increased fragility of the red blood cells but no microspherocytosis. The 
hemolytic process showed little improvement following the removal of the 
spleen. At the present time the hemolytic condition is unchanged, jaundice has 
become more intense and the liver is now palpable. 

The fifth case of acquired hemolytic anemia is that of a white female, 19 
years of age, who suddenly became ill with an upper respiratory infection and 
developed extreme weakness and jaundice. An anemia was discovered, for 
which she received 21 transfusions over a period of two weeks, before she was 
admitted to the Research and Educational Hospitals. There was no history of 
taking any medication prior to the onset of the jaundice. Although the reticu- 
locyte count was 17 per cent, microspherocytosis and increased fragility of the 
erythrocytes were absent. It was thought that the numerous transfusions may 
have obscured a true spherocytic anemia. The spleen, which was two to three 
times normal size (300 Gm.) along with several small accessory spleens, was 
removed shortly after the patient was admitted to the hospital. Repeated trans 
fusions postoperatively helped to elevate the hemoglobin and red blood count. 
However, shortly after the postoperative transfusions had lost their effect, the 
hemolytic process became as marked as prior to removal of the spleen. Over a 
period of three and one-half months following splenectomy, the patient received 
approximately 15 transfusions of 500 cc. each, as well as a course of strepto- 
mycin for an undetermined fever that was associated with pain and tenderness 
over a palpable liver. The patient was type A, Rh positive, but this was not 
held to be entirely accurate because of the number of transftisions she had 
received and it was decided to give her type O, Rh negative blood. It is inter- 
esting to note that it was finally necessary to give the patient type A, Rh neg- 
ative blood, because type O, Rh negative blood that was available was incom- 
patible. She finally made an uneventful recovery and has remained well up to 


the present time. 


N 
I 





























Volume 129 [INDICATIONS AND RESULTS OF SPLENECTOMY 


Number 9 

Thus, of the five cases of atypical or acquired hemolytic anemia having 
splenectomy, two have died ; of the remaining three, only one has finally had a 
complete recovery from the unknown hemolytic process. These cases serve to 
emphasize an important point, namely, that in patients with acute and chronic 
acquired hemolytic anemias, the prognosis is poor and the mortality high. This 
corresponds almost entirely with the experience of Lahey and Norcross, who 
report splenectomy in six patients with hemolytic anemia, but excellent results 
in only one. However, good results do follow splenectomy in such cases in a 
few instances, perhaps in a greater percentage than indicated by our results. 

At operation the surgeon must search carefully for accessory spleens, as 


has been emphasized by Curtis and associates.*!_ Persistence or recurrence of 
symptoms may be ascribed to the presence of accessory spleens. 

2. Thrombocytopenic Purpura. In our series of 26 patients having splenec- 
tomy for thrombocytopenic purpura, we had no operative mortality. Results 
were classified as good to excellent in 23 of the 26. In the remaining three, 
results were classified as fair to good. One of these had relief from purpura, 
but died a couple of years later with pulmonary tuberculosis. The other two 
had good symptomatic but poor hematologic results. 

Lahey and Norcross report a recurrence in three of 17 patients having 
splenectomy for purpura. In two, the response of platelet rise was slow at first 
but later was fast. Wuintrobe reports 16 splenectomies for purpura, three of 
whom died in the hospital, constituting operative deaths. All but one of the 
remainder improved sharply. In these 13 patients followed after operation, the 
platelets rose rapidly in nine, but rose slowly in four. 

\s indicated in hemolytic anemia, the operator must search the field around 
the hilus of the spleen and adjacent areas for accessory spleens. If there is 
recurrence, thought must always be given to the possibility of a remaining 
accessory spleen, as has been emphasized by Curtis and associates. 

3. Banti’s Disease. In our series of 13 patients classified as Banti’s disease, 
we had five operative deaths. Practically all authors reporting mortality rates 
have had the same experience, namely that nearly all operative deaths occur 
in this group. 

Our operative mortality for this group is probably higher than others, 
largely because we have split it into two groups, one of which is listed below as 
obstruction, or anomalies of the splenic vein; in these patients the mortality 
will he very low. Four of the five patients listed as operative fatalities died of 
postoperative hemorrhage. One died of pneumonia and liver insufficiency. 

One patient is listed as having only a fair result because of symptoms of 
cirrhosis; another is still having hemorrhages from esophageal varices. One 
patient died two years after splenectomy, and another 18 months after splenec- 
tomy. \We were unable to follow two others. The results in the remaining two 
patients can be classified as good to excellent. In other words, only two of the 
It patients followed with Banti’s disease can be classified as having had good 
to excellent results from splenectomy. 

Borg and Dulin report six operative deaths in 22 cases. Three of these died 
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of postoperative hemorrhage. Lahey and Norcross report splenectomy in 
25 patients with Banti’s disease with an operative mortality of only eight per 
cent. In their series of 12 patients having bleeding from esophageal varices 
before operation only three had recurrences. 

4. Thrombosis or Anomalous Obstruction of the Splenic Vein. There were 
five patients in our series which we described as having obstruction of the 
splenic vein of one type or another. As stated previously, many authors 
include this group of patients in with their patients with Banti’s disease, 
We have separated them largely because there is such marked difference 
in the results of this group from the Banti’s group described above. All five of 
our patients in this group had hemorrhage before operation. Four of the five 
patients had an excellent result with no history of hemorrhage since operation. 
One listed as having a fair to good result had two attacks of hemorrhage shorth 
after splenectomy, but has not had any hemorrhage for the past two or three 
years. Very significant is the fact that even though splenectomy has relieved 
the patients of hemorrhage in at least four of the five cases, roentgen-ray 
examination with barium still shows varices present in all. 

5. Felty’s Disease. We had no operative mortality in the five patients diag- 
nosed as Felty’s disease. However, one patient died about two years after 
splenectomy ; autopsy revealed a malignant tumor of the thymus. The remain- 
ing four patients had excellent results although one has had splenectomy so 
recently (six months) that final results are not definite. It should be added 
that, although the symptomatic and hematologic results are good in these 
patients, there has been very little improvement in their arthritis. 

6. Splenic Neutropenia. We have had no patients which we have identified 
in this group. However, the hematologic data suggest that results should be 
excellent in the vast majority of patients. Preliminary reports from Doan and 
associates reveal good results after splenectomy in this condition. 

7. Primary Splenic Panhematocytopenia. We have likewise had no patients 
in our series classified in this group. However, it is very possible that our five 
patients classified as Felty’s disease could or should be classified as panhemato- 
cytopenia, but of the secondary type. For example, Lahey and Norcross 
classify patients with anemia, neutropenia and thrombocytopenic purpura with 
rheumatoid arthritis as patients with secondary panhematocytopenia. Like- 
wise, in this condition results should be excellent in the great majority of 
patients. 

8. Results in Miscellaneous Types of Splenomegaly. Table 1 reveals the 
fact that we have performed splenectomy in ten miscellaneous conditions, some 
of which had contraindications or doubtful indications. One patient had 
splenectomy for a cyst of the spleen and one for aneurysm of the splenic 
artery, with excellent results. The results in one patient with Gaucher’s 
disease and one patient with Hodgkin’s disease are classified as fair, but only 
12 and 18 months, respectively, have elapsed since splenectomy. One patient 
with sickle cell anemia and another with atypical hemolytic anemia have had 
no improvement since splenectomy. One patient operated on for anemia and 
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hyperplastic bone marrow of uncertain etiology later showed a myeloid 
leukemia (aleukemic). The patient is feeling better since splenectomy, but 
only one year has elapsed since operation and a fatal outcome is expected soon. 
The patient with atypical aplastic anemia died on the eleventh postoperative 


‘aBLE I1.—Types of Patients for Whom Splenectomy Was Performed 
(Illinois Research and Educational Hospitals, 1936-1948) 


Results 


Died after 


No left 
of Hos- Oper 
Disease Cases Good Fair Poor pital Death Remarks 

Hemolytic jaundice 28 24 1 2 2 1 5 of this group were acquired hem. an 
emia. 1 died 9 yrs. after op., 1 op. death 
2 poor result. 

Purpur 26223 3 1 died of tuberculosis after splenectomy 
but relieved of purpura. 2 had good clini 
cal, but poor hematologic result. 

Banti's disease 13 2 1 1 2 5 4 op. deaths due to postop. hem. 1 fair 
result with symps. of cirrhosis. 1 died 
2 yrs. p. 0. with hem., 1 poor result still 
bleeding, 1 died 18 mo. large liver. 2 not 
followed 

Obstruct f splenic vein. 5 4 1 All 5 cases had preop. hem., but only 1 
has had postop. hem. X-ray still shows 
varices 

Felty's disease 5 / l 1 patient died 1 yr. later with malig 

Sec. panhematocytopenia thymoma. 3 patients had little or no im 
provement in arthritis 

( genital cyst 1 l 

Aneurysm splenic artery 1 1 

Gaucher’s disease 1 1 Only 1 year since splenectomy 

Hodgkin's disease 1 1 Alive and well 18 mos. after operation 

Sickle cell anemia 1 1 

Atypical hemolytic anemia 1 1 

Myeloid leukemia 1 1 At time of op. patient had anemia and 
hyperplastic bone marrow—now shows 
leukemia 

Atypical aplastic anemia 1 1 Died on 11th postop. day of cerebral 
hemorrhage 

Agnogenic myeloid metaplasia 1 1 Patient had hemolytic process with cel 
lular bone marrow, but preop. diag. not 
possible 

Splenomeg 1 anemia ot 

know! LU SE 1 1 


day of a cerebral hemorrhage. In this case there was no evidence of regen- 
eration of platelets following splenectomy. We operated on one patient with 
agnogenic myeloid metaplasia, which in reality is a contraindication to splenec- 
tomy. It is well known that it is extremely difficult to make this diagnosis 
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until a section of the spleen is obtainable. Operation was performed in this 
case without a positive diagnosis, but because she had a hemolytic process with 
a cellular bone marrow showing a normoblastic reaction in keeping with a 
hemolytic process. She died three months after operation with a pericarditis, 
One patient with splenomegaly, anemia and gastric hemorrhage of unknown 
] 


etiology had a splenectomy with no improvement in symptoms 


SUMMARY 


[he results in four or five of the diseases for which splenectomy is per- 
formed are very good, but are markedly dependent upon the choice of patients. 
The best results are obtained in hemolytic jaundice and thrombocytopenic pur- 
pura, but even in these diseases extreme care must be exercised in selecting the 
patient. So important are the indications for splenectomy that close co-oper- 


TABLE I1.—Mortality Rate in Splenecton 


No One 
Disease Case Deaths 
Hemolytic jaundice 28 1 
[Thrombocytopenic purpura. 26 0 
3anti’s disease ; 13 5 
Obstruction splenic vein ; ) 0 
Felty’s disease (Sec. panhematocytopenia 5 0 
Miscellaneous diseases (Cyst, Gaucher's disease, atypical aplasti 
anemia, etc 10 1 
Total 87 


Operative mortality rate 8.0 per cent 


ation between the surgeon and hematologist is essential. The data herein pre 
sented were obtained from our study of 87 patients having had splenectomy 
during the past 12 years. 

It is frequently very difficult to differentiate congenital hemolytic jaundice, 
in which splenectomy is so universally successful, from acquired hemolytic 
jaundice in which poor results are so common. The anemia in the former 
condition is microcytic and in the latter macrocytic. In many of the patients 
with acquired anemia there is no increase in fragility of the red cells. In 28 
patients with hemolytic anemia, results were good to excellent in 23 having the 
congenital type, but were good in only one of five having acquired hemolytic 
anemia. 

Although results will be good in fully 90 per cent of patients having splenec- 
tomy for thrombocytopenic purpura, they will rarely be good in secondary or 
symptomatic purpura. The best means of differentiation between these two 
conditions is by bone marrow studies. A marked increase in megakaryocytes is 
indicative of thrombocytopenic purpura: this feature is of great prognostic 
value. In 23 of 26 patients have splenectomy for thrombocytopenic purpura, 
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results were good to excellent in 23, and fair to good in three. There were no 
operative deaths in this group. 

We encountered 13 patients which we classified as Banti’s disease and five 
in whom we considered obstruction (anomalous or thrombotic) of the splenic 
vein to be the primary cause of the splenomegaly and portal hypertension. 
Some authors classify these two groups as one, namely portal hypertension, 
but we prefer to separate them into the two groups mentioned, since the results 
are so different. Of 13 patients having Banti’s disease we lost five following 
splenectomy. In only two were results good. In contrast, four of five cases 
with obstruction of the splenic vein had good results following splenectomy. 
The fifth case is still having occasional hemorrhages from esophageal varices ; 
a portacaval shunt is contemplated in this patient. We are now convinced that 
splenectomy should be performed in Banti’s disease only in its early stages. 

Good results were obtained in four out of five patients having Felty’s dis- 
ease, Which may also be classified as secondary panhematocytopenia, although 
there was very little improvement in the arthritis. The fifth case died of a 
malignant thymoma one year after splenectomy. 

We have had no patients with primary splenic neutropenia or primary 
splenic panhematocytopenia, but Doan and associates report good results in 
their cases. 

In our entire series of 87 patients upon whom we performed splenectomy 
we had seven operative deaths (8 per cent mortality). Five of these seven 
deaths occurred in Banti’s disease, indicating that careful study must be made 
in this disease and splenectomy not be performed if hepatic insufficiency or 
other significant complications are present. 


REFERENCES 


Norcross, J. W.: Indication for Splenectomy. S. Clin. North Amer., 24: 583, 1944. 
Limarzi, L. R., R. M. Jones, J. T. Paul and H. G. Poncher: Sternal Marrow in Banti’s 
Syndrome and Other Splenomegalic States; Effects of Splenectomy. Am. J. Clin. 
Path., 13: 231, 1943 
Limarzi, L. R.: Sternal Puncture. Amer. Pract., 2: 514, 1948; Limarzi, L. R., R. M. 
Jones, J. T. Paul and H. G. Poncher: Sternal Marrow in Banti’s Syndrome and 
Other Splenomegalic States. Amer. J. Clin. Path., 13: 231, 1943. 
* Pemberton, J. de J.: Results of Splenectomy in Splenic Anemia, Hemolytic Jaundice 
and Hemorrhagic Purpura. Ann. Surg., 94: 755, 1931; Pemberton, J. de J., and 
P. Kiernan: Indications for Splenectomy. S. Clin. N. Amer., 25: 880, 1945. 
Haden, R. L.: Selection of Cases for Splenectomy. Illinois Med. J., 77: 421, 1941. 
® Watson, C. J.: Hemolytic Jaundice and Macrocytic Hemolytic Anemia; Certain 
Observations in a Series of 35 Cases. Ann. Int. Med., 12: 1782, 1939. 
Limarzi, L. R.: Thrombocytopenic Purpura. M. Clin. North Amer., 28: 153, 1944. 
Lahey, F.: Surgical Conditions of the Spleen. S. Clin. North Amer., 28: 559, 1948. 
Rousselot, L. M.: The Role of Congestion (Portal Hypertension) in So-Called Banti’s 
Syndrome; A Clinical and Pathologic Study of Thirty-One Cases With Late Results 
Following Splenectomy. J. A. M. A., 107: 1788, 1936. 
1° Borg, E. H., and J. W. Dulin: Splenectomy in the Treatment of Banti’s Disease. Arch. 
Surg., 41: QI, 1940 
11 Everson, Tilden, and W. H. Cole: Ligation of the Splenic Artery in Late Banti’s 
Disease. Arch. Surg., 56: 153, 1948. 


~ 


717 





COLE, WALTER AND LIMARZI ernals of Surgery 


ay 1949 
Peterson, L. W., and W. H. Cole: Failure to Produce Hepatic Cirrhosis by Obstruction 
of the Portal and Splenic Vein. Unpublished data. 
Whipple, A. O.: The Problem of Portal Hypertension in Relation to the He patospleno- 
pathies. Ann. Surg., 122: 449, 1945. 
Felty, A. R.: Chronic Arthritis in the Adult, Associated with Splenomegaly and Leuko 
penia. Bull. Johns Hopkins Hosp., 35: 16, 1924. 
Hanrahan, E. M., and S. R. Miller: Effect of Splenectomy in Felty’s Syndrome 
J. A. M. A., 99: 1247, 1932. 
‘6 Wiseman, B. K., and C. A. Doan: A Newly Recognized Granulopenic Syndrome 
Caused by Excessive Splenic Leukolysis and Successfully Treated by Splenectomy 
J. Clin. Invest., 18: 473, 19309. 
17 Doan, C. A., and C. Wright: Primary Congenital and Secondary Acquired Splenic 
Panhematopenia. Hematology, 1: 10, 1946. 
‘8 Fowler, R.: Cystic Tumors of the Spleen. Internat. Abstr. Surg. in Surg.. Gynec, & 
Obst., 70: 213, 1940. 
19 Cole, W. H.: Technic of Splenectomy. S. Clin. North Amer., 22: 43, 1942 
Singleton, Albert: Splenectomy. Ann. Surg., 115: 816, 1942. 
*1 Curtis, G. M., and D. Moritz: The Surgical Significance of the Accessory Spleen 
Ann, Surg., 123: 276, 1946. 
22 Lahey, F. H., and J. W. Norcross: Splenectomy: When Is It Indicated? Ann. Surg. 
128: 363, 1948 


Discussion.—Dr. Lon Grove, Atlanta: I have before me a summary of a personal 
experience in 52 consecutive splenectomies, covering a period of 20 years from 1927 to 
1948. Four of these were done for trauma and will not be discussed 

Our results in the remaining 48 cases parallel very closely the experience related 
by Doctor Cole. I might say here that we are thoroughly in accord with what Doctor 
Cole said about the absolute necessity of having a hematologist of experience associated 
with you on these cases. I do not see how anyone could approach this type of surgery 
without the help of a really experienced hematologist. All these cases have been studied 
by a hematologist of experience, most of them by Dr. Roy Krack« 

Twenty of this series were diagnosed as familial jaundice but now, in the light of 
subsequent follow-up, we should change the diagnosis in one patient to acquired jaundice, 
because she has not done well. 

In the purpuras, 13 were diagnosed as idiopathic or primary purpura and one as 
secondary, and we would like to give in some detail the history of this latter patient 
This case of secondary purpura was under observation for a long time. Even though 
she showed all the clinical and laboratory findings that would fit a primary purpura, 
including repeated bone marrow studies; with a history of two sisters and one brother 
having died with the disease, we were very hesitant to classify her as a primary purpura 
She responded to no form of conservative treatment and finally’ was splenectomized. 
She did well for a time, but returned in nine months with all the symptoms she had 
shown primarily, and died from a subdural hemorrhage. 

There have been nine patients with Banti’s syndrome, two of whom we have lost 
track of. Of the remaining seven, we know five have had subsequent hemorrhages and, 
of that five, three have died. It is interesting that one of these patients went nine years 
before he had his first hemorrhage; this occurred approximately a year and a half ago 
and he has not hemorrhaged since. This is a poor showing in Banti’s syndrome. As you 
see from the age incidence most of these patients were children; the oldest was aged 
28 years and the youngest 7 weeks. We believe that most of them were diagnosed early 
but, notwithstanding, they have not done well 
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The patient with tumor-hbroangioma was reported before this Association at Biloxi 
in 1936. At that time she was four months of age. She has developed normally, has 
shown no evidence of metastases, and I believe we are justified in classifying her as a 
true fibroangioma. 

There was one case with so-called primary tuberculosis with no demonstrable 
evidence of a primary lesion. She was operated upon because of the enormous size of 
the spleen. She made a good convalescence and did well for two years, then declined 
rapidly with evidence of miliary tuberculosis and died. 

In the pancytopenia purpuras our experience has been the same as Doctor Cole’s. 
One patient died after six months; one died after five years, in another hospital; we were 
unable to get an autopsy but were informed that the diagnosis was atypical leukemia. 
[he third patient still shows some evidence of anemia with occasional hemorrhage from 
the gastrointestinal tract. We have had difficulty in evaluating this case, however, 
because she has a severe radiation proctitis from which she bleeds, and it has been 
dificult to determine the source of her anemia. She is still living after approximately 
a year 

As to technic: In adults we have preferred the subcostal incision, while in children 
we definitely prefer the left rectus incision, as we think it gives adequate exposure. In 
this group of 48 patients who had splenectomies there were no hospital deaths. 


Dr. G. T. McCutrcHen, Columbia, S. C.: I would like to call attention to one fact: 
| believe internists and hematologists make a distinction between primary splenic disease 
associated with neutropenia and so-called Felty’s syndrome. There has been a very limited 
number of true Felty’s syndrome reported. True Felty’s syndrome is characterized by the 
triad of neutropenia, arthritis and splenomegaly. Recently I was embarrassed by being 
ignorant on the subject. I saw a patient in consultation with an internist; this woman 
was 80 years of age and, about eight months before, I had opened a huge abscess on her 
shoulder. I knew at the time that she had neutropenia but it did not occur to me that 
she might have Felty’s syndrome although she complained of her joints also. The 
internist had observed her over a long period in an effort to detect an enlarged spleen 
but could not do so. About three months ago he did find an enlarged spleen, and at that 
time splenectomy was done. She sailed through it without any trouble and has had no 
recurrence of boils, her arthritis is better, or improved—apparently sometimes it is more 
or less permanent—but the neutropenia, which had been persistent for at least a year of 
observation, within 48 hours returned to normal and has remained so. 

[ would like to make the distinction that true Felty’s syndrome is, I believe, not 
splenomegaly with neutropenia, but is splenomegaly with neutropenia and arthritis. 
That is the description given by Felty. 


Dr. Frank H. Laney, Boston: The mortality of splenic diseases for which splenec- 
tomy is done will be controlled much more largely by the hematologist than by the 
surgeon. The mortality will depend upon how well the cases are selected by the 
hematologists. The more they deal with these cases the better will the hematologists 
become in aiding in their selection. The mortality in splenectomies for diseases of the 
spleen will occur in patients who are in the late stages of Banti’s disease in which the 
operation was probably never indicated, in the cases of hemolytic anemia of the acquired 
variety, in thrombocytopenias which are not truly idiopathic thrombocytopenias, and in 
those cases even of idiopathic thrombocytopenia which have been permitted to progress 
into acute states. The mortality will also be in those cases of secondary panhemato- 
cytopenias in which the spleen has become so large and the patient has progressed into 


such a state of depletion that any operative procedure will have an associated high 
degree of risk 
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We have just reported in the ANNALS oF SURGERY 83 splenectomies with fatality jp 


only two cases. Both deaths were in patients with late congestive splenomegaly for 


which the operation probably should never have been d me, and occurred before we kney 
enough about these states to avoid doing operative procedures. 

One thing that our experience has taught us is that once the decision is made by the 
hematologist that the patient with hemolytic anemia, primary neutropenia, 


idiopathic 
thrombocytopenia, panhematocytopenia or congestive splenomegaly, is a suitable case for 
splenectomy, the sooner the operation is performed the better. If one delays, any one 
of these patients can go into an acute phase of the disease so that the opportunity of 
doing a splenectomy with almost no risk is lost, and the situation 


I is then approached 
with a high rate of risk. 


Another point I wish to make in connection with our own experience is that hema- 


tologists will have to take the responsibility for the very painstaking and intricate deter- 
minations as to whether the lesion is really of primary origin or secondary to some 
other cause for which splenectomy would not in any way be helpful 


a 


[ do not know of anything that is more interesting in all these splenic states than 


secondary panhematocytopenia. It is extremely interesting that anything producing 
enlargement of the spleen can bring about this panhematocytopenic effect and produce 


the three common blood changes that one sees in relation to splenic effects upon bone 


marrow or abnormal red cells; that is, hemolytic anemia, idiopathic thrombox ytopenia or 
secondary neutropenia. It is extremely interesting to realize that even the 


1 Ul 


enlargement 
which goes with congestive splenomegaly, the tumor infiltration that one sees with Hodg 
kin’s disease, or the enlargement as a result of the infiltration which 


V T11¢ 


one sees with 


Gaucher’s disease, can produce these blood abnormalities which individually can occur as 


abnormal blood states; but in this state, panhematocytopenic effects can all occur in one 
picture. We do not cure Hodgkin’s disease or Gaucher’s disease bv splenectomy, but we 
can, temporarily at least, make these patients much better. not only by the removal of 


the large spleen and its pressure effects but also by doing away with these secondary 
blood changes which come with these panhematocytopenic effects of 


t enlargement. of 
the spleen. 


Regarding Banti’s disease, we feel that we may have been hasty in the past in con- 


demning splenectomy entirely. Our only fatalities in splenectomy for congestive spleno- 
megaly have been in those done unwisely in the third stages of the disease. In the early 
stages we believe that splenectomy still has real value, unless one feels that immediate 
shunt should be done. 

There is one other thing we have said in a paper recently published on this subject, 
which is a little dangerous to state, but I believe it is sound. When one has a patient 
with splenomegaly of unknown origin, provided there can be no demonstrated cause for 
a geographic 
region where malaria and other such diseases are prevalent, then the mortality of splenec- 
tomy is so low that we believe splenectomy is indicated. It has been shown that people 


exist well and without difficulty after splenectomy, and such is the hazard of later changes 


in blood states due toa large spleen, that we believe, if ade uate blood studies have been 
I 


done and nothing has been found, and the patient is a good risk. splene ‘tomy is justifiable 


I 


the splenomegaly by a competent hematologist, and it does not occur in 


Dr. FRANK Witson, Birmingham: In the last two years I have had five cases of 


splenectomy in children at the Children’s Hospital in Birmingham. Their 


ages were 
four years, two years, 16 months, 15 months and, the youngest, eight weeks. Our experi- 
ence has been very similar to that of Doctor Cole, in that the hematologist is responsible, 
to a great extent, for the correct diagnosis in these cases. 

One of the cases was a thrombocytopenic purpura, three were familial hemolytic 
jaundice, and one was diagnosed as acquired hemolytic jaundice. This child was the 
oldest in the group and at operation the spleen, approximately twice normal size, was 
removed along with two accessory spleens about 2 centimeters in diameter All the 
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children except the last one have been entirely relieved of symptoms. This child has 
continued to require transfusions with the intervals getting farther and farther apart. 
We have thought that probably she has another accessory spleen which was not found 
at the time of operation 

There were two sisters with familial hemolytic jaundice, the older 16 months and 
the younger eight weeks of age. Their father had his spleen removed at the age of 13 
and an aunt also had a splenectomy. The older child’s symptoms appeared very early, 
but as her father was a paratrooper in Germany we waited for his return home before 
operating on her at 16 months of age. After the father returned, the mother soon 
became pregnant and the second child, a girl, was born. She obviously had hemolytic 
jaundice, which was diagnosed soon after birth, and we were unable to keep her blood 
count up without a transfusion at least once a week. 

[he mother was much concerned because of the economic phase and the cost of 
transfusions, and she wanted to know whether or not we could operate on this child 
as soon as possible. We had never done a splenectomy on a child so young, but we 
decided to operate on her at the age of eight weeks. The mother is again pregnant and 
is most anxious to know what can be done for her child and how soon the spleen can be 
taken out, provided the child is born with familial hemolytic jaundice. 

These children upon whom we have operated have all made an uneventful postoperative 
recovery with no postoperative complications. 

We have taken all these spleens out through a subcostal incision, as described by 
Doctor Cole, with the left shoulder slightly elevated, and I think it makes the operation 
a great deal less difficult than with a right rectus incision 


Dr. Ropert S. SPARKMAN, Dallas: I wish to make a few remarks concerning 
Gaucher’s disease, which Doctor Cole has listed as an occasional indication for splenec- 
tomy. Our interest in this condition has been stimulated by the fact that we have four 
cases of Gaucher’s disease under observation at the present time. There are perhaps 
three very good reasons why Gaucher’s disease may constitute a specific indication for 
splenectomy. The first of these, as has been pointed out by Doctor Lahey, is the fact 
that patients with Gaucher’s disease regularly demonstrate either panhematopenia or one 
of its components, of which neutropenia is particularly frequent. In fact, in Doan’s 
original report of splenic panhematopenia, one case was in a child with Gaucher’s disease. 
The second reason is the immense size the spleen can attain; one case is reported in 
which the spleen weighed 7200 grams. This slide shows the size of a spleen in a 5-year-old 
boy with Gaucher’s disease. The third reason is the fact that frequently in children 
growth becomes completely retarded, to be restored after removal of the spleen. 

I offer these as fairly consistent indications for splenectomy in this disease. 


Dr. ArtHUR H. BLaAkEMorE, New York: In cases presenting the clinical picture of 
Banti’s syndrome, the surgeon should suspect splenomegaly of the congestive type, and 
be prepared to locate the site of the obstruction in the portal system. For upon this will 
depend the correct surgical therapy in a given case of Banti’s syndrome. 

[ make a strong plea that those surgeons interested in splenectomy have a simple 
venous pressure apparatus boiled up with their instruments in each case. It takes only a 
few minutes to cannulate an easily accessible, known radicle of the portal vein (e.g., the 
gastroepiploic) and take a portal pressure reading. If a correct pressure reading thus 
taken is 150 mm of water or more, it means that the site of portal block is either in the 
portal vein itself or in the liver. In either case there is portal hypertension not only in 
the splenic vein but in all other portal radicles as well. 

This finding of generalized portal hypertension in association with congestive 
splenomegaly is by all odds the common finding in cases of Banti’s disease. Splenectomy 
alone will not cure such cases of a tendency to have recurring hemorrhages, whether 
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they be considered “early” or “late” cases. Our experience at the Spleen Clinic of 
Presbyterian Hospital, over its nearly 30 years existence, suggests that if a so-called early 
case of generalized portal hypertension has not had a recurrence of hemorrhage following 
splenectomy, it simply means that there has not been a sufficient follow-up period. We 
do not contend that there is not the exceedingly rare case in whom, because « 


f an unusual 
capacity to develop collateral vessels, hemorrhage may be postponed seemingly indefinitely 
But we do not consider that one should necessarily credit splenectomy with the entire 
role in these rare instances. 

Much has been said of splenectomy as removing a burden of blood from the already 
engorged portal system. In an attempt to evaluate this possible factor we have made some 
portal pressure readings before and after ligation of the arterial supply while doing 
splenectomies. The results, so far, have varied from zero to 25 mm. (water) change in 
portal pressure following interruption of arterial blood flow of the spleen. These findings 
would not seem particularly significant in the usual cases who have portal pressures 
varying from 300 to 600 mm. of water. 

The rational attack upon the problem of portal hypertension is the direct lowering 
of portal blood pressure by the establishment of portacaval shunts. Our experience with 
this procedure now embraces 75 operations and we are well pleased with the overall results 

In cases of portal hypertension secondary to intrahepatic portal block (cirrhosis) 
it is our policy to employ the portal vein to venacava type of portacaval shunt, preferably, 
as a side-to-side suture anastomosis. This type of portacaval shunt, because of its large 
size, is capable of returning the portal pressure to normal and, what is even more gratify- 
ing, regularly results in complete disappearance of esophageal varices demonstrable by 
x-ray. We have accomplished this type of operation with a postoperative mortality of 
12.5 per cent. This we think is reasonable when one considers that disease of the liver was 
present in every case. 

The splenorenal type of portacaval shunt, preferably as an end-to-side anastomusis of 
the splenic vein by suture with the left renal vein (Blalock) is decidedly the next most 
ecient set of vessels to employ in the establishment of portacaval shunts. The truth of 
the matter is that conservation of the splenic vein for anastomostic purposes is the one 
best hope of cure for that large group of portal hypertensives having normal livers, in 
which the seat of portal block is in the portal vein itself, thus precluding its use for 
shunting purposes 

In view of the above facts, in cases in which careful hematologic and liver chemistry 
studies would indicate the likelihood of portal hypertension due to extrahepatic portal 
block, it is to the best interest of the patient that the surgeon be prepared to make con 
firmatory portal pressure readings at operation. Certainly it is only by recognizing the 
presence of portal hypertension when confronted with it (one cannot often tell by the 
appearance of the veins) that we will ever be able to stop adding to that pathetic group 
of post-splenectomy bleeders—cases whose best hope may lie in the conservation of the 
splenic vein for shunting purposes. In such cases if, upon exploration, the surgeon be unpre- 
pared to proceed with splenorenal anastomosis at the time, in fairness to the best interest of 
the patient he should close the abdomen and thus conserve the integrity of the splenic 
vein for subsequent use. 

In closing, I wish to discuss the surgical handling of cases which, in our overall 
series, constitute decidedly a minority group. I refer specifically to cases of congestive 
splenomegaly secondary to obstruction of the splenic vein. Pathologically, the obstruction 
is commonly located in the splenic vein at its junction with the superior mesenteric vein, 
the result, apparently, of congenital atresia. A more sudden onset, particularly in cases 
giving a history of trauma, suggests thrombosis as the more likely cause of the obstruction 

Of more importance is the ability to distinguish at the operating table two types of 
cases in this group. For upon this distinction the correct surgical therapy will depend 
Differential portal pressure readings are the practical solution of this problem. In the 
first place, in a case of suspected congestive splenomegaly a normal portal pressure reading, 
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when taken from a known branch of the superior mesenteric vein, will rule out the live: 
and the portal vein as the seat of obstruction. Next, if a reading taken from a distal branch 
of the splenic vein is elevated this confirms the diagnosis of congestive splenomegaly and 
localizes the site of obstruction to the splenic vein. As previously stated, there are two types 
of cases which must be differentiated when the splenic vein is the site of obstruction ; namely 

1) those identified by elevation of pressure in the splenic vein only—cases in which a sim- 
ple splenectomy will bring about cure; (2) those identified by elevation of pressure both in 
the splenic vein and in the coronary system of veins—cases in which, to relieve hyper 
tension in the coronary system of veins, a splenorenal shunt is necessary following 
splenectomy. To identify this second type at the operating table it is only necessary to 
pull down the stomach, cannulate a known branch of the coronary vein, and take a third 
venous pressure reading. If the pressure is higher than normal you know at once that 


the coronary vein joins the splenic vein at a point distal to the obstruction in the splenic 


vein itsel (he reason for the existence of this second type of case is the anatomic 
frequency (65 per cent) with which the coronary vein joins the splenic vein. 

Early in our experience, through venography, we confirmed the existence of these 
two anatomic types. The importance of these findings was well demonstrated in the 
case of an 18-year-old girl who had a massive hematemesis three months following a 
simple splenectomy \ venogram showed a greatly enlarged, tortuous coronary vein 
joining the splenic vein, in which the latter was obstructed at its junction with the 


superior mesenteric vein. At the time of splenectomy, had the stump of the splenic vein 
been anastomosed to the left renal vein, the girl would probably be alive today. It is a fact 
that branches of the coronary vein inosculate with branches of the esophageal veins and 
this, most likely, accounted for the hemorrhage in this case 

In cases in which return blood flow is impeded in the coronary system of veins, 
for anatomic reasons it is not logical that simple splenectomy should be of benefit. The 
facts are that the entire arterial supply for the coronary system of veins is gastric, not 
splenic. Decompression of the coronary system by shunting is the logical solution in 


such caSes 
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CHONDROBLASTIC TUMORS OF BONE: 
BENIGN AND MALIGNANT*} 


Murray M. Copeitanp, M.D. 
AND 
CHARLES F. GEescHIcKTER, M.D. 


WasuinotTon, D. C. 


FROM THE DEPARTMENTS OF ONCOLOGY AND PATHOLOGY OF THI 
GEORGETOWN UNIVERSITY MEDICAL CENTER 


CHONDROBLASTIC TUMORS OF BONE arise from a proliferation of cartilage 
at the epiphyseal line, at or near the age of puberty, and are not frequent in 
their occurrence. Despite the relative infrequency of these tumors, they are of 
more than passing surgical interest, since they affect individuals in the prime of 
life and raise the serious issue of amputation versus more conservative therapy. 

The authors’ called attention to the roentgenologic and pathologic features 
of these lesions in 1930 and 1931. Such tumors are vascular and cartilaginous, 
usually situated on the metaphyseal side of the epiphyseal line. They produce 
destruction in the cancellous spaces and exhibit an overlying periosteal reaction. 

In the early descriptions of this tumor, an occasional case was classed as a 
cartilaginous growth. Borst! illustrated a microscopic picture of such a tumor 
as being a chondrosarcoma. Kolodny' cited a similar case as an osteogenic 
sarcoma. Because of the relationship of giant-cell proliferation about vascular 
spaces at the margin of these growths and the islands of cartilage that have 
undergone calcification, a school of thought developed classifying these growths 
as variants of giant-cell tumors. Bloodgood classified them as malignant 
variants of giant-cell tumor. Ewing described a case as a metastasizing giant- 
cell tumor and others as benign calcifying giant-cell tumors. Codman? reported 
a group of cases as epiphyseal chondromatous giant-cell tumors. In reviewing 
the literature, one is impressed by the paucity of reported cases and the lack 
of any fundamental basis for their classification. 

The authors, in previous communications, first pointed out that these were 
epiphyseal-line tumors and that the proliferating tissue was chondroblastic, 
rather than composed of giant cells. It was also emphasized that some of these 
patients die of metastases, in spite of amputation, whereas others surviving for 
over five years were apparently cured following curettage and irradiation. In 


1942, Jaffe and Lichtenstein'’ reported a group of these lesions, pointing out 
the cartilaginous origin of the growths, and proposed the term, “benign chon- 
droblastoma of bone,”’ following the histogenic conception previously proposed 
by the authors. 

It is the purpose of this communication to report the findings of a resurvey 
and careful follow-up of a series of 25 patients and to indicate that these 
growths may be either benign or malignant; also, that a careful microscopic 

* Read before the Southern Surgical Association, White Sulphur Springs, W. Va., 
December 8, 1948. 

+ Aided by a grant for the follow-up of bone tumors given by U. S. Public Health 
Service 
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study will distinguish between the benign and malignant forms of chondro- 


blastoma 
CLINICAL FEATURES 


The age incidence, the site of the tumor and the short duration of the clin- 
ical course are the outstanding features of this chondroblastic tumor, occurring 


before the ossification of the epiphyseal line is complete. In our series of cases, 


CHONDROBLAST OMA 


the age limits were between 10 and 24 
years, as compared with the age dis- 
tribution of from 13 to 17 years re- 
ported by Jatfe and Lichtenstein. On 
the basis of age alone, therefore, this 
tumor may be linked with the process 
of bone growth where ossification, by 
way of temporary calcified cartilage, is 
taking place at the adolescent period 
and the epiphyseal line is undergoing 
ossification. 

The localization of the tumors lends 
weight to this supposition. The loca- 
tion of these growths is predominantly 
in the ends of the long bones about the 
knee joint (the upper tibia and lower 
femur) and in the upper humerus 
(Fig. 1). The bulk of the tumor is on 
the shaft side of the epiphyseal line, but 
the epiphysis is also invaded and the 
growth may be confined to the epi- 
physis in some cases. 

There is a definite correlation be- 
tween age and the duration of symp- 
toms. In patients under 20 years of age, 
the average duration of symptoms is 
less than five months, while in the occa 
sional patient 30 years of age and over, 
the disease averages over three years. 
The duration of symptoms, in general, 
varies from one to 16 months in our 





series of cases and from 3 to 12 months 
in those of other authors. The se- Fic. 1.—Skeletal distribution of chon 

: droblastoma, benign and malignant. The 
quence of events 1s much alike at all epiphyseal regions of the upper humerus 
ages and is not distinctive. Pain. ten- and the long bones about the knee joints 

? : are the most common sites. 

derness and swelling, followed by lame- 
ness in the affected member, are characteristic of the lesion where it occurs in a 
weight-bearing bone. Occasionally, an effusion in the knee joint suggests the 
clinical diagnosis of tuberculosis. Pathologic fracture has been a rare compli- 
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cation, occurring only in three instances of our series, although this is clearly a 
bone-destructive neoplasm. The rarity of this complication may well be attribu- 
table to the acuteness of the disease. Fever, leucocytosis and enlargement of the 
regional lymph nodes are not infrequent in this tumor but may be encountered 
in cases of other types of bone tumors. 
ROENTGENOLOGIC FEATURES 

The roentgenologic features of these tumors are fairly distinctive. They 
produce rarefaction in the cancellous bone, extend on either side of the epiphy- 
seal line and provoke an overlying periosteal reaction, usually along a single 





Fic. 2 Fic. 3 


Fic. 2.—Roentgenogram of a malignant chondroblastoma arising in the epiphysis of 
the femur, extending into the cancellous bone of the shaft and provoking an overlying 
periosteal reaction. 

Fic. 3.—Roentgenogram of a benign chondroblastoma involving both the epiphysis and 


shaft of the humerus. The periosteal reaction, lack of coarse trabeculations, lack of 
expansion beneath the bone shell, and lack of predominant involvement of the epiphysis 
help to differentiate chondroblastoma from giant-cell tumor 


margin of the bone (Fig. 2). The extension across the epiphyseal line and the 
periosteal reaction occur in the early stages of the disease before marked 
destruction of cancellous and cortical bone has taken place. When the earliest 
stages of the growth are seen in the roentgenogram, the tumor is usually found 
to be primary in the metaphysis, suggesting sarcoma. From here it extends 
to involve the epiphysis in most cases, but rarely invades the bone aggressively 
in the opposite direction. This peculiarity in the inception of the tumor indi- 
cates how intimately it is connected with the growth zones of the long bones 
which, as is well known, are on the metaphyseal sides of the epiphyseal lines. 
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While the tumor is predominantly central in location, there is usually an 
escape beyond the cortex into the subperiosteal region, particularly near the 


epiphy seal line. In such instances, the 
periosteum is raised by a translucent 
shadow. and bone formation from the inner 


side of the periosteum is noticeably 
lacking. 
In the roentgenogram these tumors 


differ from benign giant-cell tumors in 
that they involve both the epiphysis and 
the shaft of the bone and are not predomi- 
nantly confined to the epiphysis ( Fig. 3). 
They do not expand beneath the shell of 
cortical bone, nor do they have the coarse 
trabeculae seen in giant-cell tumors. The 
periosteal reaction also distinguishes 
The 


age distribution of the chondroblastomas 


them from benign giant-cell tumors. 


helps in differentiating these growths from 
benign giant-cell tumors and solitary foci 
of metastatic carcinoma, which practically 
always occur after the age of 21 years. 
Giant-cell tumors occur in the epiphyses of 
long bones, and cancer deposits that are 
secondary in bone are localized usually 
nearer to the midshaft region or at the 
sites of the entry of nutrient vessels into 
the bone 

Ewing's tumor may occasionally he a 


source of confusion. 


Chondroblasto.na 
which extends into the epiphysis early in 
the disease can thus be differentiated from 
Ewing's sarcoma. The periosteal involve- 
ment usually extends only along one side 
of the bone, with little or no cortical thick- 
ening. While there is a similarity in the 
age of the patients, in the acuteness of the 





Fic. 4 
the amputated specimen represented by 


\ longitudinal section of 


the roentgenogram in Fig. 2. Note the 
continuity between the tumor mass and 
the unossified epiphyseal line. The 
tumor does not disseminate as rapidly 
within the cancellous bone as it does 
in the subperiosteal spaces. 


symptoms and in the tendency to involve long bones, there is, however, in 


Ewing’s sarcoma more formation of new bone, a more diffuse involvement 
of the shaft, including the midshaft region, together with late involvement of the 


epiphy sis. 


rhe right-angle new bone formation of osteogenic sarcoma is lacking. 


GROSS PATHOLOGY 


(he most important information disclosed by the examination of gross 
specimens is the continuity between the tumor mass and the unossified epiphy- 
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seal line. The foci of invasion of the tumor may extend into the metaphysis or 
into the epiphysis or laterally into the periosteal zone. However, a connection 
is always demonstrable between the area in which the epiphyseal cartilage is 
destroyed and the mass of tumor substance, provided the growth is not too far 
advanced (Fig. 4). 

The mode of extension of the tumor is interesting. In some specimens the 
unossified epiphyseal line can be clearly traced except at the points where there 
is proliferation of tumor. Here it is substituted for by a hemorrhagic and 
necrotic mass which extends in an irregular fashion into the cancellous bone 
of the metaphyseal region. Very little reactive bone is present. The tumor 
evidently does not disseminate as readily within the cancellous bone as it does 
in the subperiosteal spaces, for, once the tumor has invaded the subperiosteal 
space, a large, proliferating, subperiosteal mass is found. 

At operation the tumor may be found extending into the soft parts, covered 
with a thin envelope of fibrous tissue, invading the subperiosteal regions and 
surrounded by an intact periosteum or entirely within a bone shell. Most of 
the neoplasm is usually within the medullary cavity or within cancellous bone. 
The tumor tissue itself varies in consistency according to the degree of vascu- 
larity and necrosis. It is frequently indistinguishable from the hemorrhagic 
grumous material found in giant-cell tumor, the hyaline material in chondromas 
or tissue found in so-called malignant aneurysms of the bone. Small, cystic 


cavities may be noted in various parts of the tumor. 


MICROSCOPIC FEATURES 


Under the microscope, chondroblastic tumors are composed of a mass of 
young and adult cartilage cells undergoing calcification. This tissue differs 
from normal hyaline cartilage in the vascularity and paucity of the intercellular 
material. Strands of precartilaginous connective tissue with myxomatous and 
early fetal cartilage cells are absent. The absence of these cells, along with the 
vascularity, distinguishes this tumor from the primary and secondary forms 
of chondromyxosarcoma. The tumor never passes beyond the stage of calci- 
fication. There is never any bone of tumor origin, as occasionally is seen in 
chondromyxosarcoma. Although reactive new bone may be present at the 
periosteal margins of the chondroblastic tumors, the metastases never show 
such new bone formation. 

A more detailed, high-power microscopic examination reveals the tumor 
to be composed of polyhedral and angular cells with prominent nuclei and ill 
defined cytoplasm. The younger cells have small, dark nuclei, with a crowded 
chromatin substance, while in the older cells the nuclei are larger and more 
vesicular, with a distinct central nucleolus. Many of the cells show a prolonga- 
tion of cytoplasmic processes, and within the meshwork of this reticulation, a 
clear, faintly stained, intercellular substance is often observed. This appar- 


ently represents an attempt at the formation of typical cartilaginous areolae, 


prior to the stage of calcification. 
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\ characteristic histologic feature of these neoplasms is the intercellular 
latticework formed by the calcifying matrix. This latticework pervades the 
tumor, with sketchy, fragmentary, curved lines, emphasized by varying degrees 
of calcium deposition. Here and there, large areas of uncalcified matrix appear, 
which are easily recognized as typical hyaline cartilage and, in isolated portions 
of the tumor, circumscribed islands of chondroblasts may give the tumor an 
alveolar appearance. The tumor in areas is extremely vascular, with many 
blood spaces inclosed by a single layer of endothelium. Near these vascular- 
ized areas and, usually, toward the periosteal margin of the growth, giant-cell 
osteoclasts are numerous. These giant cells are of the epulis type and sections 
cut from the margins of these growths may closely simulate a benign giant-cell 
tumor and have led, in several instances, to an erroneous diagnosis. 

There are two important aspects to the microscopic interpretation of chon- 
droblastic tumors. The first is the distinction of these growths from benign 
giant-cell tumor. The second is the differentiation of chondroblastic tumors 


into benign and malignant forms. The presence of chondroblasts and the 


hyaline matrix, with or without the web of calcification traversing the hyaline 
material, differentiates these neoplasms from benign giant-cell tumors. 

The division of chondroblastic tumors into benign and malignant forms by 
microscopic study is a more difficult task. Despite the fact that in the roentgen- 
ogram the majority of these growths give rise to a periosteal reaction which 
may suggest an osteogenic sarcoma, it is tragic to recommend a radical pro- 
cedure if the tumor is benign. It is equally tragic to forego such treatment if 
the tumor is malignant. We have, therefore, restudied our cases and, through 
the follow-up reports, have divided the sections into two groups—those remain- 
ing well following therapy and those known to have died of the disease. The 
contrasting features are as follows. In the benign growths the nuclei of the 
chondroblasts are uniformly small. The cytoplasm is moderate in amount, 
stains faintly and is ill-defined in its markings. The hyaline matrix is mod- 
erate in amount, but infiltrates in fine strands with well-defined reticular fibers. 
Calcification is usually confined to the matrix (Fig. 5). In the malignant 
growth, the nuclei of the chondroblasts are frequently of large size, bizarre in 
shape and variable in their staining reactions. Mitotic figures are frequent. 
The calcification is not confined to the matrix but overlaps the cellular ele- 
ments unless the section is cut with extreme thinness. Margins of the tumor 
may show solid islands of chondroblasts arranged in somewhat alveolar fash- 
ion, infiltrating fibrous tissue. Much of the tumor is composed of such alveolar 
masses, with little or no hyaline matrix (Figs. 6 and 7). Thus, the distinction 
between benign and malignant chondroblastic tumors can only be accurately 
determined by the microscope and by the five-year survival rate and not by the 
roentgenogram or gross findings. 

HISTOGENESIS 

In the adolescent period in normal persons, there is at the epiphyseal lines 

of the upper end of the humerus, lower end of the femur, upper end of the tibia 
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and lower end of the radius (sites where these tumors predominate) a final 
spurt of growth previous to the obliteration of the growth disks. This acceler- 
ated development in the long bones takes place on the metaphyseal side of the 
epiphyseal line and is apparently accomplished by a twofold process. There jg 
a reproduction of cartilage cells in the form of chondroblastic proliferation and, 


in addition to this reproduction, there are maturation and further development 
of the cartilage cells, terminating in calcification. Later, vascularization with 
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Fic. 5.—Photomicrograph of a section taken from the benign chondroblastoma shown 
in Fig. 3. The nuclei of the chondroblasts are uniformly small. Near vascularized areas 
and towards the periosteal margin of the growth, osteoclasts are frequent. Precartilaginous 
connective tissue and fetal cartilage are absent. 


Fic. 6.—Photomicrograph from the malignant chondroblastoma shown in Fig. 2. The 
nuclei of the chondroblasts are frequently large, bizarre in shape and variable in their 
staining reaction. Many alveolar masses are seen in some areas. Osteoclasts are present 
near vascular areas and about the periphery of the tumor. Note: Microscopic examina 
tion is the only accurate method of distinguishing benign from malignant chondroblastomas 


resorption of the calcified material takes place, and this is followed by the 
substitution of permanent new bone. In this final process of substitution, 
brought about by new blood vessels and the absorptive power of giant-cell 
osteoclasts, the cartilage cells play no active role but constitute, in their cal- 
cified state, a necessary stimulus to final ossification. This entire process, 
which normally is gradual and orderly, is distorted and hurried by the etiologic 
factors that precipitate the new growth. This new growth coincides at its 
inception with the normal developmental process at the epiphyseal line, but 
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appears to depart from the normal in that an earlier phase of cell proliferation 
persists, resulting in a preponderance of chondroblastic growth and calcification. 

The result of this distortion terminates in a tumor process characterized by 
rapidly proliferating chondroblasts that abort into an end stage of calcified 
cartilage without producing, except in a fragmentary way, the usual hyaline 
matrix typical of normal adult cartilage. Apparently, while still in a prolifer- 
ating stage, many chondroblasts are ensnared in a calcifying matrix of their 
own making and are petrified. 

The vascularity of the tumor and the giant-cell areas are secondary features. 
That the giant-cell areas in chondroblastic tumors are a product of normal 
reactive bone, it is believed, is nearer 
the truth than the supposition that 
thev are a further stage in the osteo- 
genesis of cartilaginous bone by the 
chondroblasts. Since the death of 
the chondroblasts, with a formation 
of a calcified matrix, can be observed 
under the microscope, it is difficult to 
see how they could survive to ini- 
tiate the giant-cell phase. Giant-cell 
invasion followed by vascular chan 
nels is the normal order of osteogen- 
esis in the long bones. The fact that 
giant cells and vascular channels are 
more numerous at the margins of the 
tumor and surrounding normal reac- 
tive bone supports this view. Some 


of the vascularity, however, must be 





looked upon as a feature common to 
rapidly growing tumors in general. Fic. 7.—High power micrograph from 
ie ‘ . section shown in Fig. 6 illustrating in detail 
rhe presence of vascular foci with _ the malignant characteristics which occur in 
giant cells accounts for the frequent ne CORNET COE pREDTEY oF Che Seer. 
mistakes by competent pathologists 

in diagnosing these neoplasms as benign giant-cell tumors. The classification of 
these tumors by Codman as “benign epiphyseal chondromatous giant-cell tu- 
mors,” peculiar to the upper end of the humerus, seems erroneous when the 
following factors are considered. (1) Chondroblastomas have a wider distribu- 
tion than Codman indicated and there are proved instances of death with pul- 
monary metastases, in spite of radical operation. (2) The cartilage present can- 


not be considered as a passive structure, representing the normal, unossified 
epiphyseal line. The chondral elements are actively proliferating and the chon- 
droblasts have definite invasive powers. (3) These chondroblasts and their 
transitional forms are not characteristic of the normal epiphysis, but resemble 
the cells seen in the embryo when the skeleton is being preformed in rapidly 
growing cartilage. 
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PROGNOSIS AND TREATMENT 


Chondroblastic tumors are a new clinical entity as far as the modern liter- 
ature 1s concerned. Few cases have been separated from the categories of chon. 
drosarcoma and atypical giant-cell tumors. To date, the only series available 
for review are cases studied by the authors, those of Codman, Coley and San- 
toro and those of Jaffe and Lichtenstein. 

The most important aspect of the treatment is the division of the chondro- 
blastic tumors into the benign and the malignant forms on the basis of micro- 
scopic studies. Since this is an exceedingly difficult job and since cures have 
followed curettage, or curettage plus irradiation in the benign form. jt 


i I 18 


important that radical operations should be postponed until the sections have 
been reviewed by competent pathologists. Biopsy, followed by roentgen ther- 
apy, should be the initial procedure in these growths. The sections should then 


TABLE | Location of Chondroblastomas in Patients Living Five Years or More. wit] 
Treatment Received 
J yr Femw I ee € ted 
1. Biop idiation 
2. Curettement. irradiat 


Curettement 


Upper Humeru Five cases, treated as follow 

1. Irradiation, resection 

2. Biopsy, irradiatio 

Curettement. 

4. Cur ement, irradiation, admin t ( 

5. Curette nt 
I Ra One case, treated as follows 

1. Curettement, Roentge iy treatment, a tat 
l Tibi Or treated a llow 

1. Bioy imput I 


be submitted to competent pathologists for final diagnosis. Resection or ampu- 
tation should not be performed unless the malignant nature of the lesion has 
been verified. 

The authors have followed a large, significant series of cases for more than 
five years. The benign and malignant forms of chondroblastic tumors are in 
a ratio of 2:3. Of 25 cases studied, 10 proved to have benign chondroblas- 
tomas and 15 had the malignant variety of chondroblastoma. The malignant 
cases usually died within a period of from 9 to 18 months. Among the benign 
cases followed, all the patients have survived over five years and some are 
living now more than from 1o to 20 years later. The 10 patients living over 
five years had lesions as follows: Femur, lower, 3; humerus, upper, 5; radius, 


lower, 1; upper tibia, 1. (See Table I.) 


SUMMARY 
Chondroblastic tumors arise from a proliferation of cartilage at the ept- 
physeal line during the age of puberty and are extremely rare. The tumor 
occurs most frequently in adolescence, in the region of the epiphyseal line, in 
the upper end of the tibia, the lower end of the femur and the upper end of 
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the humerus. In the roentgenogram, there is a mottled area of bone destruc- 
tion, with or without a slightly expanded bone shell, and, in addition, there is 
definite periosteal reaction. Under the microscope, these lesions show a prolif- 
eration of chondroblasts which produce abortive fragments of calcifying 
cartilage. At the margin of these tumors, as a defensive reaction, giant cells 
proliferate and attempt to remove calcified products of the tumor. It is impor- 
tant, in the microscopic diagnosis, to distinguish benign chondroblastic tumors 
from the malignant chondroblastomas. Patients with benign chondroblastic 
tumors are well following curettage or curettage with deep roentgen therapy. 
Malignant chondroblastomas, on the other hand, warrant radical resection or 
amputation, depending on the site of the tumor. Radical therapy should not 
be undertaken without submitting the sections for review by a pathologist 


specializing in bone diseases. 
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Discussion.—Dr. Braptey L. Cottey, New York: This is an important paper, one of 
a long line of contributions by the team of Geschickter and Copeland. I am glad to see 
them together again after the interval necessitated by the War. 

It seems to me that those who are not particularly experienced in the pathologic 
interpretation of bone tumors, for example the clinicians, are often confused by the varied 
terminology applied to these tumors and, in fact, to bone tumors in general. This is 
unfortunate, because it creates a state of confusion where a phrase meaning one thing to 


one man has an entirely different meaning for another, and while people in different 


parts of the country may think they are talking about the same thing this may not be 
the case. 

[ agree with everything Doctor Copeland has said about the specific entity or nature 
of this tumor, which Codman originally described and to which he gave the term epiphyseal 
chondromatous giant cell tumor. Jaffe and Lichtenstein, who were not convinced that it 
belonged in the category of giant cell tumor, proposed the term benign chondroblastoma ; 
and Copeland and Geschickter broadened the field to include malignant tumors, calling 
this specific tumor malignant chondroblastoma. I believe that for those of us who do not 
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yreathe the rarefied atmosphere of the bone pathologists it might 


e term benign chondroblastoma for the tumor 1n its benign stag: 


is a malignant process—which I think is a transition—then it 
and-out term of chondrosarcoma, thus acquainting the man wl 
the true nature of the tumor 


mue 


In recent years at Memorial Hospital we have been 


behavior of cartilage tumors, be they of this type or one of st 


hondroma or an osteochondroma. We have seen a considerabl 
malignant—after a lapse of time 


We 


res, t.e., complete removal w 


tumors that have become 


and sometimes in later lif believe, therefore, that the adopt 


ule the tumor is in the benigi 


esult in many lives 


DIOpsy or curettage ftollowe 


ventive cancer surgery and wi 


We 


able 


do not feel that a mere 


lesil method of management. These tumors are usually a1 


tage or resection followed by immediate implantation of bone cl 


pathologist an opportunity to study all t 


iore, this affords the 


ports it to be malignant then an amputation or resection s 


experience leads us to decry the use of postoperative or preoperative 


any central cartilaginous neo] regardless of whether it is 


; ; , ‘ : 
this ondroma or a frankly 


paper or a simple central 


results obtained, together with the fact that these tumors are de 
resistant, militates against this form of treatment 
In closing, we wish to emphasize the misleading nature of t 


a report of chondrosarcoma or chondromyxosarcoma is rendere 


upon it; but if the report indicates only chondroma o1 


regard it as inconclusive We have in such cases 


extirpation of the growth or after amputation 


t} 


1e unpredictable nature of benign tumors of cartilage that we ( 


clinical features and the roentgenographi 


where the latter indicates that the condition is benig1 
We are greatly indebted to the authors for emphasizing th« 
sented by one specific variety, 1.c., benign chondroblastoma. We s 


chondroblastoma while it is benign, and chondrosarcoma when it 


(Slides) The first slide represents a woman in het 


nous tumor, and I defy anyone on clinical or roentgen examinati 
it is benign or malignant. We resected this tumor and the 
grade chondrosarcoma. We substituted the upper end of the fil 
humerus 
The next slide shows an entirely different type of tumor 
some cases that are not absolutely in line with those shown | do 


think they illustrate points I am trying to make about the serious 


lesions. This is a middle-aged Puerto Rican who had an enormou 
tumor of the ilium. Note the roentgenographic appearance, espe 


} 


tive tumor tissue with calcification and atypical bone formatio1 


another hospital and our pathologists who reviewed the secti 
Our 


destined to become so, and 


benign chondroma. feeling, however, was that if it were 


that radical measures should be ad 


hemipelvectomy was performed. This slide shows the specimen, 


and the cut section. The patient made a good recovery and remain 
when a checkup film of the chest revealed pulmonary metastasis 
called to that 


dying of the disease. Attention is the fact in this 


pathologist had an opportunity to go over the entire specimen and n 


a benign chondroma 
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This final slide shows the humerus of a naval officer who had had five operations 
by the time we first saw him. We were uncertain of the nature of the lesion because 
) A ° ° . 
revious microscopic reports had all shown it to be benign chondroma. It was decided, 
1) 
t . aawts c e . . on : oe “we o96 
however, to perform a segmental resection and, fortunately, the microscopic examina 
tion showed it was still a benign chondroma. 


Dr. Murray M. CopeLanp, Washington (closing) : Doctor Geschickter and I have 
always had great respect for the team of Coley and Coley, now represented by Bradley, 
and through the years we have learned a great deal from both of them. We would take 
no issue with the main points Doctor Coley has discussed, but we would like to 
re-emphasize that in this cartilaginous entity, with giant cells, one is put to it frequently 
to decide whether the lesion is benign or malignant. We do not feel that these lesions are 
related to central chondromas or ordinary chondrosarcomas. We quite agree that x-ray 
therapy is not, in general, the treatment of choice in cartilage tumors. For some reason, 
however, these epiphyseal lesions, namely, chondroblastomas, seem to be more sensitive 
than the average cartilage tumor and we think it worthwhile to relate the treatment used 
in the ten cases living five years or more. (See Table in body of paper) 

We feel that when the diagnosis is made it is better to treat the lesion surgically by 
complete curettage followed by cauterization with either 95 per cent alcohol or 50 per cent 
zinc chloride. Either one of these caustic agents must then be followed with 95 per cent 
alcohol. We quite agree with Doctor Coley that a single biopsy from these tumors will 
not rule out malignant changes which may exist in the lesion, but that one should have 
nathologic studies of the entire process 
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